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> (54) Tltier RfiGOMHINAigt ANTTBOblES COHXPKESSED \yrni GnTHI 



fiEC6»BlNANT ANTISdOlE$ epgXPRESSED WITH GhTIII 



Related Applications 

Tbfeapplicatton claims prionly 16 USi Provlstdrial Appli(^tidh No. 60/280,139 
filed April i, 2001, whlcii fs jhcorporatdd h^in by reference in Its entirety. 

Field of the invehtion 

In a broad aspect the present invention generally relates to antibodies produced 
1:^ eukarydtic bell lines that egress GnTIII and a recdrnbinant antibody. 

Backgitiufid of the Ihveiftiari 

Any discussion df the prior art; throughdiit the speclficab'oh should in no way be 
considered as an adrniisslon that such prior art is widely knowi or forrtis part of commdn 
generial I<ndwlidg6 in the fl^ld. 

Improved methodologies for maximizihg recombinant gene expression is an 
going effort in the art Of particular interest is the development of methodologies that 
maximize recombinant expression of mamrnatian genes suitable for prOdudng 
commerGiaily useful quantities of biologically active proteins. While prol(aryotic, typically 
bacterial, host cell systems have proven capable of generating large quantities of 
recombinant proteins, these hosts suffer from a number of disadvantages, including an 
inability to glycosylate proteins, IriefAMent deayage of "pre" Or V^P''<^"^^'IM^'^^^ 
protdihs (e.g., inefficient pds^nsiatidnai mOdijficatiOn). and a general inabllify to secrete 
protejins, fkirisequently the art has sdiight euKaryotip host systems, typibaily 
miamrhaliah Host cell systerhs, for mammalian protein pirOductidn. One feature of such 
systefTis is that the protein produced has a structure most liljce.that of the rtatural proteiir) 
species, and, purification often is easier sinoe the pFdtefh cah be secnetofi into the 
culture medium in a btologieaily active form. 

A number of problems still exist however, in mammalian culture systems. 
Specifically, high levels of expression typically are not easily obtained in mammaiian 
systems. In addition, eukaryotic host cells typically have more stringent requirements for 
culturing and have slower gnawth rates. Thus, producing large quantities of a 
recombinant protein requires more than simply culturing a host cell transfected with an 
expression vector, this is particularly true vyhen; the gene of interestJs a poorjy 
expreissed .g6rtei.(.e., is not produced in abundance. Or is, only transiently expressed 
under natural, physiological cortditlons. The genes encoding these proteins typically 



have muitlpie feveis of regufatipn, pflen at one pr mpre leveis of the expres^sion systieipn, 
e g , at the I6vel of trph^cnptipii. translation; ptist translEitibrt seGreltoh 
and/or activation, typically these genes, when stabjy integrated in unamplified, 
Irhmortalisteid cells, pfoducei tes$ than about 10100 prdt0/lD6 ceils per ml. 
Maximising production of these ptt^lrts means idenjt|^'ng meat($ for: oi 
these levels of regufatibn. 

Through protein engineering it has become possible to fashion antibodies in a 
^/ariety of ways. pHaht^ in iitimunogenii%i istfnhifyi v^^^ effector function have 
all been achieved by standard molecular biology techniques (for review see (Gavllondo 
artd Larrick 2000; Holihger and Bohten 1999)). Furthecmotei suqh teiShriiques have 
aided the approva] of antibbdias for therapeutic; u0 (HoUingei- and Bohleh 1999; 
Nawman and Rj^kamp 1999), Rituxar^ is an example of Such an antibody, a chimeric 
mpuse human feei-K anfibody approved for use ih relapsed or ref raoto^i IriW grade 
follicular B celt non HodgKins lymphom (Maloney et aL 1997; Reffetai. 1994). The 
antibody recognizes CD20. a^kD oell surface phosphoprolein (Valentine et al. 1989) 
expressed on neoplastic B Cells and has been shown to mddiatem complement 
dependant cytotoxidfy, (CDC) antibody dependant cellular cytotoxicity (ADCC) ih-vitro 
(Reff et. al. 1994) and induce a^optdsts of tumor cell lines wh^ crossiinked (Maloney et. 
al. W: Shan etal. 1998). 

It is an object of the present invention to overcome or ameliorate at least one of 
the disadvantages of the prior art, or to provide a useful alternative. It is an object of a 
particularly preferred form of the present invention to provide for enhanced methods pf 
25 production, expression and stabnlization of antibodies. 

Unless the context dieady requires 6thenvise» throughout the description and the 
claims, the WQrds "comprise", "comprising", and the like are to be construed In an 
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say , in the 
30 sense of 'including, but not limited to". 

Although the invention will be described with reference to specific examples it will 
be appreciated by those skilled in the art that the invention maybe embodied in many 
other forms. 
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Summary oT the Inveiitipn 

Accofrxfihg Jfo a 

eukaryptic pell line that expri^ses dnTlll anid a re<?ombinant ant^^^^^ wherein said 
GnTljl is constitutively exprissseci and the production oeil line produce& the antibody at a 
level of at least >30 pg/celiyda/. 

According to a second aspect of the present invention there is provided an 
gntibody produced by a production cell tine according to the first aspect of the present 
invention. 

Accoixlihg to ia third aspect of the. p invention thefe Is prpyideil an anti- 
dotil^dy t^roduoed by a pixtdutitioh celj line aocording^t th& flnst aspect Of the 
presentinvefitiOn. 

According to a fourth aspect of the present invrention Uiere is provided an 

antibody produced by a production ceil line accprding to tiie first aspect of the present 

invention, for use a therapeutic agent- 
According to a fifth aspectof the present inwentjon there is provided an anti- 

CD20 antibody produced by a production cell line according to the fir^^^^ 

present invention, for use a therapeutic agent. 

Acoordlng to a sixth aspect of the present invention tiiere Is provided a n^rethod of 
treating a di^rder ih a rharnlrial in need thereof cbmp^s^^^^^ a 
therai^eutically effective amount of an antibb^^ to a mammai produced by a prodUGtipn 
cell line according to the first aspect of the present invention. 

According to a seventh aspect of the present invention there is prtwided a 
method of treating a disorder in a mammal in need thereof comprising adrhinisterlng a 
therapeutically effective arrw^ cell 
line according to the first aBpect of the present ihventi^^ 

According to an eighth aspect of the present invention there is provided a 
pharmaceutical composition oompHsing an antibody according to the second or third 
aspects of the present invehtion. 
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Aecprding ^o a: ninth aspect of tte^^ l^^ (nvenGion ttiei^ is prowded 9 Hlt us^fuj 
for the treatment of '^msmmi^l suffSi1hgfroha©rfifedlsposed to a disorder GCirnprlsing at 
least one container having a antil^ody according to the second or third aspects of the 
pi^ht inyehHon deposited thereih ahd a label or an insert indicating that said antibody 
may be used t» treat said disorder. 

According to a tfenth aspect of the present invention there Is provided a method 
for forming antibodies, said method comprising the steps of: 

cultuHn^ prQd!t«citk)h euk^ host cells comprising DNA sequences 
encoding GnTIII and a recorribinant entibody and the production cell ling 
produces the ahtlbbdy: at a teyeJ eff at l^st >36 pg/ci|^t/day; 

allowihg the host; (^>irtQ expre^SHGnTIK and the i^cdmbihaht eritibody, 
wherein said mi»mbinant antibody is ponstitutiv^ly expressed: and 

recovering said artfibbdles from the host c 

According to ah elevoith aepectof the pres^ ihyentioh there is provided 
antibodies, Vvhehfdfroed by a meth(xJ:acc»ording to thetenth aspect of the present 
invfiniiipn. 

In one embodiment the invention provides a eukaryotic cell line that expresses 
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is a- marnmalian Geji line, most preferabji^ a CHG cell line. The antifcwdy is a 
liunrtariy chinieiteprfiumaii^ pp^jferatify&B anfl-CDSiO ai1|^ A; 

particularly prefsrrecl antibody ig RITUXAN®. 

[0008] In a particularly preferred embodiment, the antibody reacts with a tumor 
assopiated aritigien. iWlora particularly, a tumor associated antigen selected from the 
group consisting of CD2, CD3, CDS, CD6, GD7. MAGE-1, MAGE-3, MUC-I , HPV 
16, HPV E6, HPV E7. TA(3-72, CEA, L&-Antigen, C019, CD20. CD22, CD37, 
CD52, HLA-DR, EGF rece|3tbrand HER2 Receptor. 

E0OQ9] In another embpdimeritthe invention provides an antibody produced by a 
celt line eukdryotio c^ll line thlt (»(piiesses GhTlil ahd a recbmbihant antibody . 

[0010] In yet another embodiment, the invention providejs therapies indudihg the 
administration of an antibody produced hy provides art eukaiyptic ceill line that 
^pi@8SEis GhTDI and a iBcombinant antibody. Patrti^laify, Ghe invention provides 
therapi^ of a neoplastic disorder such as a drsotder seleetedif^ 
consisting Gf relapsed Hbdgkin'isi dig^Se; resis^rit Hodgldn's disease high grade, 
low grade and Intemnediate grade npn-Hodgldn's lymphomas, B cell chronic 
lymphocytic leul^emla (B-CLL), lymphoplasmacytoid lyrhphoma (LPL), mantle cell 
lymphoma (MCL), follicular lymplioma (FL), diffuse large cell lymphoma (DLCL), 
Buricilfs lymphoma (BL), AIDS- related lymphomas, monocytic B cell lymphoma, 
ai^iphnmunohlasfip lymphoadenopathy, small lymphocytic; follicular, diffuse large 
cell; diffuse small cleaved cell; large cell immunoblastic lymphoblastoma; small, non- 
cleaved; Burkiff's and non-Burkitt's; follicular, predominantly large cell; follicular, 
predominantly small cleaved cell; and follicular, mixed small cleaved and large cell 
lymphomas. Therapies according to th@ invention also include treating an immune 
disorder 

[0011] In yet another embodiment, the invention also provides a kit useful for the 
treatment of a mammal sufering from or predisposed to a disorxJer comprising at 
least one container having a antibody produced by provides aneukaryotioceH line 
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fliat expresses GnTlll and a recombinant antibady depMiteil therein label or 
an Insert indleating that said att^pay ntigy bp iis§d ft)1i^ 

100123 In yet a furtherembbdiment, the fnv^^^ prpvjdes a meSipd for forming 
antibpciTes oprnprising the^tef» pf: 

Gulturint prakaiyptic PriBUkd^ cbrnpiisitig DMA sequences 

enepdlng GnTin and a ra(X)mWnant ar(fi>ody antibody whe^^ cell 
expresses GnTII I and the redarnbinartl antibody; 

allowilhg the host cell to express GnTIII and the recprnbihant antibpdy; and 

recovenhg said antibodies from^^^ host cell culture. 

[0013] in yet another ^bpdimeht, the invention provides a polycistronic vector 
for expressing GnTlli and functional iantibodies In feukaryotic host cells which 
vector compnses a P0lyc|stronic;^nsciipti system cpmpriising a E^ISIA sequence 
enopding GnTlll and the fotlpyving dements operably linked in the 5' to 3' 
orientation: 

(i) a promoter operable in a eukaryotic cell; 

XiD a DMA sequence encodihg an anfibody light <;*»aln which optimally 
eompifses at its 5' temtihus a sighsil peptide Coding sequence: ppi^Fable in 
6ukaryptic cells Whiph DNA sequence does not comprise at its 3! erid a poly A 
sequence and compnsing a stdrt and a stop cbdbn at the 5' and 3' teniijnus of sai 
DMA sequence- 

flii) an internal ribpspme entry site (iRES) obtained from ;a memjaer 
selected from the: group consisting of a cdrdiovims. a herpes virus and a polibVfriis; 
and 

(iv) at least one DHA sequence cprnprising the foilowing elements (a) a 
DNA sequence encoding an antibody heavy chain wherein said DNA optimally 
comprises at ife 5' t^rrninus a signal peptide coding sequence operable in 
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eukaryotic cefis and wherein said DNA sequence comprises a poly A sequence at 
ite 3' termiriusi only If tine DNA sequence i$ the 3" most coding sequence in tiie 
polycisfronratidfurthef comprises a start and stop codon at theS' and 3' tenmini of 
sgid DNA coding sequence; 

\A/hierein tine DNA sequence encoding the antibody light chisdln Is expi^sed 
at a ratio ranging between 1D:1 and: 1:1 wlfli rfespeftt io the DNA sequence 
enaading the artibpdy heavy <?ha^^^^^ 

Briisf Description of the FHaufes : 

[0014] Figure 1 . Schematic representation Of the Vector constructed td atiow 
constitutive expression of rat GnTIII In mammalian cells. CMV, cytomegalovlrys 
promoter; BOH * Bovine growtii hormone poly adenylatloh ; SV, SV40 early 
pQlyad^nylaton; SVO,$V40 Ori origin, Gnlll ratGntUI gene; Pur 
res&tethce gerie; Beta: Lac, Bete laidiamase £|ehe; F1 Ori« F1 bngin of mplrcation; 
Cdl El Oil, CplEI cornpatibil]^ group; origin (E>f r@pliisaition. 

[00151 Figure 2, Detection of Gnlill mRNA by RT Relative QPGR lower bands 
are that of the 183 internal standard. Upper band is that of a 500 by fragment of 
GriTIII. Using the intensity of the 18S as a reference some clones were scored as 
ha\flrig high mRNA for GnTIII (eg 50p9rlAl2) arid one done {50G9-1A7) having 
low levels df dnnli: mRNA. 6B4 Is an immuhbgiobulih expressing cell line inducible 
for GhTHt Whfch was previously isolated In piif latorjatory and used here as a 
ppsltive contrbi. 50C9 1^ the parent untranisfectgd cell line. negative control 
with ho cDNA template Inpluded in the PGRI. 

[0016] Figure 3 HPLG analysis of oligosaccharides isolated from antibody 
preparations from A) 30C9 and B) 50C9-1B9i inserts show structures associ 
wltti ttif peai«^ GN"^ BiseKlrBng Giol^t G=Galqtosei M^IVIannQse, 

F-Fu(a3se. 



[0017] Figure 4 Coriiparison of pFeparation with Bisected glycoforms mAbs 
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50C9-1A12, S0C9-1A7. 50G9^1B9 niAbs and the parent mAb 50C9 in ADCC 
against B cell Antigen CD20. 50C9-1A12, 50G9-1A7, 50C9-1B9 mAbs and 50G9 
mAb were compared in iheir capadty to mediate ADOG against SKW 6.4 taiiget 
ceHs Man E:T of €0:1. The effectcn- cells PBMO firom healthy dbnots were treated 
with I D u/mi of ILr2 for overnight As liguie showm (Rector cells populations wiOt 
inelawant mAb were not aUe to kill target cells. 50C9 anti^CD20 rriAb and 
Bisec^d glyc^nns prepsurationmAbs 50CP-1A12, 5Q091A7, 5QC9^IB9 w&s 
significanf mediated effector cells to kill target cells. The Bisected glycoforms 
altered mAbs events have higher capacity to mediate ADCC against SKW6.4 cell 
than the parent mAb 50G9The half max effective function ate 10-20 fold higher. 
The results ana presented as mean ± sem (indkated by error bars 

IjOOISG FIguni 5 Blocking FcyR Feoepto^^on PBMC in SOG^rlA? mAb medial 
ADCC assays. Effsc^r cells (PBMI^ were pr&-incubatecl with either AntirFcyRlll 
mAb oi-^nti^FeVRl mAb. Antl^FcyRIIL mAb abolished 5P0g^1A7 mediated ADCC 
aeflvlty. PBMC pretoeateid with anti^eyRI mAb has no efffeeton 50CS9^1A7 mAb 
mediated AI3CG . 

[0019] Figurd 6 Binding of sbCS and 50C9-1A7 on FcyRUI positive NK cells. 
FcyRifl positive NK cells were covatenlBy attached on ttie 96 a flat bottom, plate and 
fixed with 0 J% glutanaidehyde. 50C9 and 50C3rriA7 diluted In blocking buffer were 
added to the pts^ In tripjicaite wells and fncubaited at 37*0 for one hour. After 
several VArashes, Ihe binding of v»as detected by using anti-human IgG Fab 
fragmente conjugated with horse radish peraia'dase and developed with 
tetramethylberuddine. The results are presented as mean ±;sem. 

Detailed Degc ription of the Invention: 

[0020] While the present Inverrtion may be embodied in many different forms, 
disclosed herein are specific IHusttBtive embodiments thereof that exemplify the 
principlesof the invention, itshould be emplicasized tiiat the present invention is not 
limitedyte the speciiic enribod^^ 
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[00213 The pi^ssentinveriiQii is predicated, at least in part, oft the inventors' 
un»(f>ect©d dis^^ possible to isolate useful highly produelaye 

r^combinar^ ceil lihes wliich oor&xpress a giycotransferase. Furtherriibre, the 
Inventors h^Vfedisecive aa^lyt|captiyjfy:#th©ffl^ 
to eifect the biolcgieal adlv% of 

greatly effecting grcfWilh of es(¥|l*essloh leveisv Wore It has stiiprigingiy 

beisn foundthatthe tricresselH AbCCd<^c^^ heiiriih alksw^ the iisedf lower 
doses; df inimMnoglbbtillri IjiitAylth diiiilar ther^peirtfo eflects> as the Wild tjppe 
parent. 

DDOasg The advantages of the invention sire exemplified below in cbrijuhction with 
B cell tumors which express tower levels of CD20 and which require high doses of 
the cUrri^m^ntibody to be effective. The syn^itgjistic affo^ed by this 
present iriye»nt[pn aliQw the us^ of the anti dP20 antibody at significantly lower 
l^ls thereby reducing to)ddty "related side effects sesodatt^ with hjgh dt^age 
therapeutic regimens: 

1001231 Recent studies have shpwmlhst engineering the glycoforms of 
Imfhtjnpdlbbullhs rhgy also yield optimized eff^dtdr functions. Ifie N-abe^l 
gluGosaminyl transferase ill (iGntlll) enzyme has been expressed in a Chinese 
hamster ovary (CHO) cell lihe okpr^si^^^ iant|-neuipb|astom^ igOl resulting iri 
greater antibody dependahtceilular c^toxib (^ 
1998a}. GnTIII lis a gblgi localized enzynfie and catelysefs the addiijon of a 
N^ctetylglucosamihe (GlciSlAiC) residue to a bi^ecShg ptstitionof N iinlced 
oligosaccharide chaihs (Narislmhan 1982). This particular itipdificatloh is 
commonly found in the N-linked sugar residues of human (gi3 but not of other 
mamhTialian Species and the bisecting sugar has been implicated in biological 
activity of therapeutic antibodies (Lifelyetal. 1995). Hpwever, publislned studiies 
have concentrated on cell lines producihig very small amounts of antibody and the 
co-e^ression of the erizyme in celf Ifrtes producing large amounts of a ntibody 
(production oelliines) has:not been reported., Furtiiermore, repent reports have 
indieated thiatdue to growth rhhibitlpn e erizyme e;iq}resgibn may be 
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required for successftil expression in production cell lines (Umana etal. 1999b} 

10624^ As di^qissed in mgre detail below, tiie describe hereiri 

the fifst use of GfiTIII over-«$(pression in a production cell lirie. Rituxah® is 
cunentiy ptpduced at high Iev6l$ in tiHO peills In vvhich endogenous liarT^r 
GnTllf Is not expfessfed. The wild type antibbdiess therefore, conteiin biantfennary 
oljgpsaGChraide with ho bisecting GlcNAc residues. Following co-exprqssion of 
GnTIII in the prdducflbri cerfl lineifte effS(Moh^^(^ gftjwtii kmettcs, antibody 
production levels, glycoibhn coitiRb^ii^ 
were measured. 

I0O2S3 Recent effbits to co«a)qi>fe8s (SnTlll In reeoitibirmnt trfamin$|iiaiT cells have 
concentrated on ceil lines which express only small amounts of recombinant 
protein (Bailey et al. 1997; Umana et. al; 1999a))[. A recent report has ai|s(o 
Indicated that the over-expression of glycotransferases in mammalian cells leads 
to an inhibition of cell growth ((Umana et. al. 1999b)). Thus, the prfeseht inventors 
hypothesized that regulated gene expression may be required to achieve efficient 
expression in produdion cell lines. As discusised below, ceil lines tiave been 
con$tructed in which GnTIII wa? contrblled in an indudbte feshion. The inventors 
unestpectedly found that the low level of basel ejipfessfdn in such ceai lines had 
enough effect on antibody glycosylatlon wfthout graat effects on cell growth to 
warrant the use of constitulive expression systems. 

[0026] As discussed in connection with Example 1 , the inventors constructed a 
constitutive expression plasmid for GnTIII. The plasmid pC|PGnT3 (Figure 1) 
contaiins thfe rat GnTIII gene under a constitutive CMV promoter and bovine grovKth 
hormone polyadenylatjon region. TTie plasmid also contains a puromycin resiiance 
gene, which alli^iws::selecitibh of in purornycin containing media. Following 
electrpppratioh of the Rituxah {50G9) with |he plasniiia, 

purpmycin resistant cblontes were obtained. We then employed a relative QPGR 
assay to detect me^ajge RNA levels ip the reilstant colonies to decade Which 
clones to study furQier; Most of tiie clones isQlated expn^sed high levels of GnTIII 
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message anid a few cbnes expressed at much ipvyer levels, An example of a 
relstHve QFCR (sxpiedjfn^i^^^ Figure 2, Clone 50C9-IA7 is an exaniple of 

a dldrm Which eocpresses at a Ibvver iewel yrtiiMt Sbqa-1A12 and 5DG0^^ am 
cleries vs^icft expr^SKs atmuph hfghieif iev^te^ No GnTJII message vwajs clelaGte(| fgr 
the jpreht c^il line (hot tian^iected vyIUi tiie p6lPGnT3 plaismici) inclii;^ting the 
absence of endogenous GnTII! expression in tiiis cell line. 

[0027] Three clones were ttien chosen to study the in-yivo catalytic effects of 
GnTlll on the glycdforms of purified antibody by MPLC analysis. All three showed 
considerable glyepforrn variaHpn when competed tp t^^ cell line. A 

typical HPiiC trace fer the pareritOT^^^ 

Figures, jsio ijisa^ g&'cjpfb^^ Hdweyeififor 
thavGhTlll patWex^iliirie the majarity of giyc»fbiirisi4€-71%) eontaini a bisected 
GlcNac re$iaiiBi. A fun set ipf resulfefdr the th^ obH lines are shqWii in Tafate 1 . 
The ddta shows that thers are small di^erendes in the glycofonri composition of 
GhTin tt?ihsfe^d dpn^ biitlhat for M ttiree the dpiplhi&ht gijffjoto^^ species 
found was a hfeected blanterinaiy oliigi&saCGhaiide \«ith one galactose residue 
(GI+GicNAe), Only small amounte (3-?%) of bisected biantennary 
oligosaccharideiflrith Iwo galactose residues were detected (G2+G1cNAq). 

[00281 As indicated abov^i previdus repdrfs have suggested that the over- 
expression otglycottsEuisferas^ in m 

settirig an upper limit on theamoum of ^ty&^ylfransfierase whic^ n^^ 
^pressed Iri a cell lihe (Urnan^ etal. ^9B9b), We there*Dre^^s^^ 
kineflcs and producstsoh levels in theithfee GriTlll pibSiflVe cell lines and compared 
theth With 50C9 which prodUGes large amduhts of imrriunolglobulin (pod) and has 
Very good gro\Arth itinetite (td). We found all three ceil lines to have very good 
expression levels of immunolglobulin. Furtiiermore, all three cell lines also have 
favorable grovvth kinetics and one clone (50e9'1A12) has growth kinetics (i.e. 
dbubling time) very Similar to the parent aritibody (Table 1 1). The summary of data 
shown in Table II Indiqetes no conelation between mRNA IevejS and GnTlll 
activrty or doubling time in tha cell lines. 
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[0029] the High mRNA levels and GnTlll activity found in done 5QC&-1A12 do 
hot seeirin to; effect tjie growtti Idrt^tfes or antibody' ©tp Thfesie resUfts 

differ from those pubiished previously in which the level of GnTlil expre£ssbn 
coFPe1at9d to grbvi^ inhilitition. (Umahsi et al tSdSb), Without yiri^lrig to be 
bound to any eSiplahaiwi ctf theoiy. the present inNtenforss offer twro possilbte 
reasons for the gr<3fli# 

expriassion leading to inhlbifloh Which is lndep^ndeM thacatoiVticac^vity' of 
GnTlll or a direct effect of the In-vivo catalytic a^ctivify of GnTlli on endogenous 
proteins. The prevlous work in Itils field has ased g 
in cell lines expressing only small amounts of recombinant protein. The work 
presented here uses a production cell line vi^hich produces large amount of 
ImmunQglobulin and supports the latter suggestion for growth inhibition. The 
former suggestion seems unlikely since production cell lines should be more 
sensitive^ to growth inhibition due to the over-expression of an additional protein. 
The absence of growth inhibition obsar«ed hef& may be linked to the ceila high 
production of immunoglobulin which may occupy ttie over-e)q3ressed GnTlll and 
prevent its catalytic activity on other endogenous proteins. 

[0030] The anti~CD20 antibody used in Example 1 is approved as a therapeutic 
agent in non^Hodgkin's lymphoma and has beeri shoWrl to produce effective 
responses in approximately S0% of patients through depletion of normal and 
malignant B cells. The possible mechanisms include complement dependant 
cytotoxicity (CDC), antibody dependaht cellular cytotoM'city (ADCC) and induction 
of appjptosis of GD20 positive cells on bindirig df the aritit>pdy. The over- 
expresston of @nTIII hasi led to the isolation of clones with bisecting glycotorm 
hybrids which are afeseiit ih the paiteht. These bisectirtg giyddf^irns have been 
Impllcetod In the biQlci^lcai activity of s^ms antibodies and so the antibbdies 
purified from the 50CS/GnTIII clones weife^tu^^ forchiariges in biblogical activity. 
No differences due to complement binding or apoptosis of Cp20 positive cells on 
antibody binding were observed for the glycoform altered antibodies {data not 
shown). However, antibodies produced by all three GnTlll transfected cell lines 
studied were as effective as antibodi^ produced by the wild type cell line in killing 
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CD20 positive target cells but at a 10 to 20 times lower concentration. This agrees 
witli resiJlts repbrted fortheover-^cpression of GnTllI in a ce line expressing aii 
anti-neuroblastoma lgG.(Umana et al. 19993) In the aforementioned report the 
glycofomns of ^n antibctdy with Idw ADCO activity vveiB'alteFed resulting in higher 
ADCC acth/ity and m^g it more attractive for therapeutic use (Umana et. at. 
1999a). 

[0031] Herb i«ie hiaiVe taken an ajpprpved therapeutic aritibddy witii good ADCC 
activity and improved it farther. This may allow the use of the anfiborfy at lower 
doses with no reduction In efRcaoy. Moreover, the higher ADCC activity at a lower 
antibody concentration may result In an enhanced response ir> lymphomas and 
jeukeiTiias expressing ibvt^r^ CD2Q anQge^n. Certeinfomis of the^ 

diseases require high doses of ^e current drug to be effective. It is expected ihat 
other antibodies deficient In the bisecting giytadlbmis may improve their in vivo 
cytolytic function. 

[0032] The ADCC activity observed fqr the anti-C020 antibody is believed to be 
a result of specific killing of antigen positive cells by NK cells through binding of the 
lgQ1 Fc domain to FcyRlll receptors. We th^i^fbre used an anti-FcyTtlll antibody 
(ilepbited to block Fd binding) tb specifically block the FcyRlil receptors on NK 
cells and shidy the effect on APCC activity. Bloddng NK oelte with tha anti-FcyRlll 
antibody abolished the A0CC activity OfbothSOCd and 50C©.1A7. Figure 5 
shows the results obtained from the 5iOD9^iA7 antibody pre^ No Inhibition 
of ADCC was observed in an experiment in which PBMC cells were pretlncubated 
with an antibody against FcyRI which is reported to block Fc binding to the FcyRI 
receptor. The data suggeste th^reforiB that FcyRI receptors are not irivoived in the 
ADCC activity of the 5dC9-lA7 antibody preparation with bisected btantennary 
oligosaccarides. 

[0033] V\ntiiout wishing to be bound to any explanation or theory, two possible 
explanations why antibodies with bisected biaritennary oligosaccarides give rise to 
better ADCC activity than those in wrhich tiie glycofontis are absent are suggested 
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by the results provided hei]^n. Firmly, the dFfect may be due td a simple increase 
in affiHIty ctf tiie altered antibody for the FqtfRill receptor. Secoridiyi better ADGC 
may also result froiii a iietter erc«si(nkfna ojP pcVRHLi^ on the sjjrfacs of 
NK oeils whioh iTillialies th0 prO^ of d^ranulatloh Ibadlngto jysia of theilaig;&t 
cell. 

[0034] Using a whole cell ELISA, the binding characterEstips of the parent and 
the GnTlil positive done 50C9-1A7 were evaluated. Antibodies frorti 50C9-1A7 
bound better to NK cells than enfibodi^ prepared from the parent 50G9 (Figure 6), 
The antibody also bound better to FcyRI and FcyRII expressing cells (results hot 
sIioWilK However, the role of FoyRI ih ADGO hais jbejEai dte^ 
previOMjefly dOscnbe|l 5), The increase in ADCC activity; Is 

ttierefofe rhost likely due to inpfea^d fcilndtrig of theanflbod^^ pn NK 

cell^i Since no GI320iantigen was present in the EUSAy irtcr^ased binding due to 
beftter cnsssillntdng of Ig0 can be ruled out. Presumably the Increase In bind'ns is 
due to confoniiatioha1effe<^ specified by ^^^^ on the Fc 

structure of the antibody. Since the parent antibody already has good ADCC 
activity it probably has a near optimal confinnatibn for FcyRIII binding which is then 
'finetuned' by the a?Jd.Mon of the bisecting OlcNAc iri the N-linked biannjennary 
bligosiiacc^aride structure. 

[0035] As discuss^ ih moi^detafl bmvmmm 'Modified aittibody- shall be 
held to inean anyantlbody, or bindji^g fiEagmerit or recombinant thereof ^ 
Immunoreactive with a tumor associated antigen In which at least a fraction of one 
or more of the constant region domains has been deleted or otherwise altered so 
as to provide desired biochemical characteristics such as non-covalent association 
with similar molecules, increased tumor localization or reduced serum half-life 
when compared with a whole, unaltered antibody of approximately the same 
binding specificity. In preferred embodiments, the modified antibodies of the 
present invention have at least a portion of one of the constant domains deleted. 
Such constructs shall fae tefmed "domain de|0^ afttibodles" for flie purposes of 
me instant disclosure. MoFe piefierablyrOne entire domain of tie constant region 
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of this rnodffied antibody wiU be deleted and even more preferably the 6^^^ 
domain will be deleted, As discussed herein, each of the desired vai^lants may 
readiiy be fabricated or constructed from a whofe piiecursbr of parent ainiibody 
using well knpwn techniques, 

[0036] The disclosed genefically engineered antibodies invention due to 
their ihcreased binding affrnity over conventional constmctSj would be useful iri 
therapeutic apfJiications whidi do not require Cell depletion or killing but requife 
biocidng of the target antigen such as to pnsvent a ligand/receptor interadlpn. 
Bferaplary uses would be blocking of 004 cells using an anli-CD4 antibody or B7 
interactions either byblockfiig BZ oriits T-cell receptor, CTLA-4 or CD80. Other 
examiiles could indude blockbg the (5023 antigen iKinjg a version of IDEG 152 (an 
m^OSZ anWmyy t^^^ ei%l-CD4QL iiMctbn v^g a Mbh of 

IDEG 131 (an aritl-^MDL an8body);;and 

p}037] The constructs would also hjwe therajseutic application in viral or beietigrial 
neutralization, given tfieir high binding affinity over monomeric antibodies and tfi<eit* 
rapid aecurnulatibn and digestion in the liver. Many example can be considered 
induding anti^SV antibodies, anti-HPyantibpdies and anti-HIV antibodies. 

100^^3 In addition to ttie usi^ enumerated above, those skilled ih the ait will 
appreciate that the cornppuhdSi ebnipbsitjons and methods of the pteis^rt invehtiion 
are particularly useful for treating a variety of disorders including neoplastic disorders 
or immune (including autoimmune) disorders. In this regard the present invention 
may be used to treat any neoplastic disorder, tumor or malignancy that exhibits a 
tumor associated ahtigeh. Similarly, the m^tids and compbisitiohs may be used to 
treat any aytdihOTurje diisprder p^ 
pbpulatlbri exHibiting ah autbahtigeni 

[0039] As discussed above, the antibodies of the present invention may be 
immunoreactive with a tumor antigen or an antigen associated witfi immune 
disorders. For neoplastic disorders, this antigen binding portion (i.e. the vaiiable 
regibn or immurioreactiVe fragment drrecombihant ^ereol) of the discbsed 
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antibodies binds to a selected tumor associated antigen at the site of the 
malignancy. Similarly, in immune (including autoimmune) disorders the disclpsec! 
antibodies will bind to selected hiiarkefrs on tt^ dffiertdl^^ ceils. Given the nurriber 
of r^iaprted^ntfgens gssp nepplasms and iirirnyne disorders, and the 

number ef relrted amibbdlesv ifibse sIdBed Irt the art will apprecist^ 
pres^rrtiydiMc^da^ 

trf whole antibodies; Moie{ge^ fh tiie pr^eritliivenitidn 

may im obtained or derived from any antjbpdy including thpsf prevloMisly reported 
in the literature) that reacts with an ahtj^en br maiker associated with the sisleded 
condition. Furthen the parent or preeureor antibody, or fragment therepf, used to 
generate the disclosed antibodies may be murine, human, chimeric, humanized, 
non-human primate or primatized. In other preferred embodiments the antibodies 
of the present invention may comprise single chain antibody constructs (such as 
that disclosed in U.S. Pat. No. 5,992,01 9 which is incorporated herein by 
reference) having altered constant domains as described herein. Consequently, 
any of these types of antibodies modified in apcprdanca^^ 
is <:ompatible ^A^th the Ihstant ihVehtioh. 

[0040] As used herein, "tumor associated aritigenis"'means aihy ariitigen which is 
genetaily associated with tumor cells, i.e., ocoirring at the same or to a greater 
extent as cornpared with normal cells. More generally! tumor associated antigens 
comprise any antigen that provides for the localization of immunoreactive 
antibodies at a neoplastic cell irr^pective of its expression oh non-malignant c^Ilsi. 
Sqph anHgens may be relatively tumpr specific and limited in their expression if> 
the sur^ce Pf iihalipiiant cells. Alternativeiy, such antigehs may be found &tt both 
malignanf and npn^^mallgnant cells. For exampbi Cp20 Js a pan 6 antigen that is 
found on the suriace of botir rhalignanf and noh'-malignatht B ceils that has proved 
tojbe an extrernely effe<^1vet^rget1^ii^ 

ireatnient of hpn-Hodgkin's iymphoma. In this respect, pan T c@JI antigens such as 
CD2, GD3, CD5, eiD6 and CD7 also corriprise tiirhOr asSodated antigens within 
the meaning of the present invention. Still other exemplary tumor associated 
antigens comprise but not limited to MAGE-1, MAGE-3, MUC-1, HPV 16, HPV E6 
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& E7, TAG-72. CEA, L6-Antigen, GDI 9, CD22. GD37, eD52, HLA-DR, EGF 
Receptor and HER2 Reiceptor, In many cases immunoreGative antibodies fpr each 
of these antigens have been reported in the literature. Those skilled jn the art will 
apprtciate th^ t9a(^ of tti^etSirYO^ 
antibodies in accibrdahd^ with the present invention. 

[0041] The arrtibodtes of the present invention preferably assopia[te vvlth, and 
hind to, tumor or immune associated antigens as described Etboye. Accordingly, 
as will be discussed in some detail belowthe antibodies of the present invention 
may be derived, generated or fabricated from any oh© of a number dif antibodies 
that react with tumor associated antigens. In preferred embodihiiente th^ 
antibodies are modified or domain deleted antibodies thai are derived using 
cpiriihipri genetic er^ltjeeririia a porfiort pf orie or mate 

constant region domatns are del^d or altered so to pFdvide tie destied 
bidpheniical c^eu^cteriu^^ as reduceiJ sie^ halfrlifs. iiAaije parlicularty, 6ne 
sfdlfed In the eii may reedity isolate the genetic $^Meiice conespondihg fb the 
\^nat>le end/or cbitis^riit iiegions of Ihe subjed: antibody an^^^ or alter the 
appropriate nucleotides to provide modified antibodies for use jas mortofneriq 
subunlts ih accbrdahce with the instant invehtioh. itv/illfurtherbe appied 
compatible modified antibodies may be expreissed and prqducK^tt on a dinical or 
commercial scale u^ng wellHes^Hsited protocol^. 

IP0423 In delved eiiUllpdirnents, modifled ahfjbodlies uisefu) in the present 
invention viriil be derived Jrorrs Icnown antibodies fa ah^gens assbdated with 
neo{i|a$rhs or imrhUrie disordiets Ce.gi autoa^ Tiiiis may readily be 
accomplished by obtairiing either the nueleoiBde or amino ad^ sequence of the 
parenit antibody and ehgineen'ng the mcnlifications as discii^ecl herein. For other 
embodiments it may be desirable to on!y use the antigen binding region (e.g., 
variable regldn or complementary determining regions) of the known antibody arid 
combine them with a modified constant region to produce the desired modified 
antibodies that may then be used to assemble the disclosed cbnstnicts, 
Conmpatlble single ehaih mpnomerie subunits may tie generated in a similar 
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manner. In any event, it will be appreciated that Ihe antibodies Q^^ 

inyentipn may also be engineered to improve affinity or reduce irhmurrpgenibity as 

is cbntmon In the art For ej^impie, the ahtibodieis of til& preseht inventibri may be 

deHyed or fabFipated fiem antibodies f)at havie be»n hurnanized or <c^i|Ti^zed, 

Thus, antibbdi^ cdn^isteint with present inverrtion rhay be deri\^ or assembled 

frpmrdhd/prcQmpnIse ria^ occu^g rnutin^, primates (AidiMdlng homan) oir 

other mamrndlfan rnohiic^bhai antibodies, chihrtidc humariissd 

anflj^odles,pitTiati!£d^ntibpdti^^ 

Gbrisfructs aswisli aslmmundfSactitfefrsismienta of :e^^ type. 

{0043] As alluded tb abbvej prevlbusiiy reporfed ahfibcKlies that react With tumor 
assQciated^ntigens may be attered as 4esG^be(^^ 
of the present ihventibjn, Bcemplary arrtibodres that rriefy be USe^ to provide 
arttigen binding regions for, generate or derive the di^sclosed antibodjes^^!^^^^ 
butarenotliniHed to Y2B8 a^ C2Ba^vallfi'" & RitUxah®, 1DE0 
Ph]arms(ce!irt'«^fe Ctorp., Sa^ Lym 1 and Lym 2 (Teciiriiclpne), U2 
(Immunbmedics Gofp.^ New Jeisey), HEIR2 (Herceptin*, Gehehtech ln&, Sbiith 
San Francisco), B1 (Bexxai^, Goulter Pharm., San Francisco), Qampath® 
(Miilenriiurn PharmaceutiGals, Cambridge) MB1, BH3, 84, B72.3 (Cytbgen Corp.), 
CG49 (National Cancer Institute) and 5E10 (University of lo\«a). In preferred 
embodimente, the antibodies of the present invention will bind to the same tumor 
associated antigens as the antibodies enumerated immediateiy above. In 
particularly preferred embodiments, the antibodies will be derived from or bind the 
same antigens as Y2B8, C2B8i CC49 and C5E10 and, even more preferably, will 
pbftlpitee domain deleted antibodies (i.e., ACh2 antibodies). 

[0044] in a first preferred embodiment, ttie antibody will bind to the same tumor 
assbeiated antigen as Rituxan®. RItLDcan (also known as, IDEC-e2B8 and C2B8) 
was the first FDA-^ppnaved monoclonal antibody for trealment of human B-cell 
lymphoma (see U.S. Patent Nos. 5,843,439; 5,776,456 and 5,736,137 each of which 
is incorporated herein by reference). Y2B8 is the murine parent of C2B8. Rituwran is 
a chimeric, anti-CP20 monoclonal antibody which is growth Inhibitory and reportedly 
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sensitizes certain lymphoma csell lines fqr apqptasiis by cjieiTiotherapeute agents /n 
vithb. The antibody effcienfly binds Hurnah cbrtiptemertt, fes stfehg FcR binding, 
and can effectively kUl hiDnan lyinphpGytes /n bQtii GQmpfernerit dependent 

(GDC> and aritibodjwte^endeiit (ADGC) niechahfems (Ftelf ef sL, mod 83; 435-445 
(1994)). ThG5€s skilled in the art V!/^^ 

msTiid^m}:OfC^BBotY2mi^ tp t|ie insEantdisdas^ 

vyitti OD20+ mal^anfdes. MpregehiEiraUy, itmustbe rieitefaledthsftttiief^ 
anfibodt^ dlsdQaeci hei^ln myhBMmt In elHier^ ^l^" of Mncpnjugat^ staip or 
coiijijigaited to a cytd^^ one of a number df dlsbrdiEiirs. 

ItJ04SI In £?theiP pPBferred ieifribodihi^ts^fii^i^^ the ai^ijody will 

be derived #oni, or bind to, the siame tumor assdeiat^ antigen as: CC^. As 
previously al)uc|ed tQ/CC49 bin^e: hu^^ antigen TAG^72 which is 

assooidted with the surface of certain tUitior ceils of human orfgini ispecifiisalty the 
L^17^ tumor cell lirie. LStT^t EAtheripan OulWre <3pHe#}n :(h#alh ATC 
No. CL I88f] Is a variant of the LSIjBO (ATCG No. GL 187} cotow adenocarcinoma 
line. 

|pQ4^ It Will further be appredated tfiat numerous murine motioclonal antibodies 
have been deVBibped which have, binding sp^ifidty for TA6-72/Ohe of tHiese 
nronoGilorial anfiibdiiss, designate B7$.3, ?s a murine Igdj prodUokl by hybiidoma 
B72.3 (ATCG NO. HB-8108). B72.3 l&^1irst generation monoolongil ahtibbdy 
developed using a human breast cardnoma extract as flie immunogen (seeCoicher 
Bt al,, Proc. Nati. AiJad-'Sci. (USA), 78:3199-3203 (1981); and U.S. Pat. Nos. 
4,522,918 and 4,612,292 each of which is incorporated herein by referenGe). Other 
monoGlonai antibodies directed against TAG-72 are designated "CC" (for colon 
cghc^r). As described by Schlom et al. (U.S.P.r4. 5,512,443 which is inccirporated 
herein by reference) GC monocbnal antibodies are a family of second generation 
murine monoclonal antibodies that were prepared using TAG-72 purified with B72.3. 
Because of their relatiyely gpod bindir^ aftinities to tAG-72, the foHowirjg QG 
antibodies have been deposited at tiie ATGG; with restrfctediaccess ha^ng been 
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requested: CC4&(ATGC No. HB 9459); CC 83 (ATGC No. HB 9453); CG46 (ATCC 
No. HB 9458); CC92 (ATTCC No. HB 9454); CC30 (ATCC No. HB 9457); CC11 
(ATCC No. 9455): and CC15 (ATCC No. HB9460). U.S.P.N. 5,512.443 further 
teachesvthaf the disclosed antibodies may be altered into their chimeric form by 
substltafing, e.g., human cohs^htrngioh^O^) do 

by psconrft)inant DNA techniques joiQWn in the art Besides djscjosihg murine and 
chimertc aritir^TAG.72.anSbodies, Sd^^^ aL have also prodijced vaUarfts of a 
humanized 0C43 an^ibpdy as {iisclosed ih PCTAJS99/25552 and single chain 
eohdtructsss d^oseed iti U.s: Pat Nc. 5.892.019 ea^ of which is also 
incorporated herein by refsrehce. Those stciiled in the art vM appreciate that each of 
the foregoing antibodies, consthii^ orrecombinarTte, and variations thereof, may be 
modified and used to pio>flde antibodies in accordance with the present invention. 

£00473 Besides tiis anti-TAei-72 ariffl) various groups have 

also j#0rtedW c»ir^cti^^ and pait^l i^^iMr^:^!^!? CC49 
and mJ3 anGbodies (e.g.,Calvo etal. Cancer Biotherapyi 8(1 ):95-109 (1993). 
SldvlnrChipnm e^ al. IntJ- Ca^r^^^T^ (19^ and ejavin^bibrini et al. 
Cancer. Res. 55:5957-5967 (1995)). Ilshould be appreciated that the disclosed 
coni^ructs may be modified and used td provide antibodies that are c(»Tipatible with 
the methods and composRions ofthe present invention. 

1004^ S6II ofiier preiened embodiments of the present invention Comprise 
modiSed an&odies that ai^ derived fi-bntp^ 

antigen as C5E10. As set forth in companding applicafidn U.S.S.N. 09/104,717, 
C6E10 Is an antibody tttat recognizes a gt/coprotein detenninant of approximately 
115 kDaUiat appears to be specific to prostate tumor cell lines (e.g. DU145, PC3, Or 
NDI). Thus, in conjunction with the present invention, modified antibodies (e.g. Ch2 
domain^deieted antibodies) that specifically bind to the same tumor associated 
antigen recognized by C5E1 0 antibodies could be produced, assemble to form 
modified antibodies and used in a conjugated or unconjugated forni for the treatment 
of neoplastic disorders. In particularly preferred embodiments, the modified antibody 
will be derived or comprise ail or part of the antigen binding region oftheC5E10 
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antibody as secreted from the hybridoma cell line having ATCC accession No. PTA- 
865. The resulting modified antibody could then be conjugated to a radiohudide as 
described below and administered to a patient suffering from prostate cancer in 
accordance with the methods herein. 

[0049] In addition to the antibodies discussed above/ it rtiay be desirable to 
provide assemblies comprising modified antibodies derived fi:om or asmprising 
antigen binding regions of novel antibodies generated using immunization coupled 
wiiai commpn immunological techniques. Using art recognized protocols, anfibodles 
are prefer^ibly raised in mamnrials by^i^^^ 

injeptipris of ttie relevant sihj9g^h (a^ purifeM ti)rnQra$.saptsit^^^ or oeils cir 

ceflular e&dracts oompiislhg s^^ 

^icaliy elicits an immuoe response that wmprfe^ 

antibodies ttoiti actfwaied spleho^rtias or lymphbeyt^; While the re&iiltang 

antibodies may be hanffistsdf^ 

prapaiiatiohs, it is often ^leeitable to iSdjate indlvldual^^^l^^ spleeil. 
lymph nodes or paHpheralblood. to prpvide homogenous piepar^ions pf 
monoclonal arttibodles (MAbis). Pr^f^bly; th& lymphpeytes are obtained firpm the 
spleen. 

* [005d| (n thfe well Knpyvn piBcess {Kbhter etalJ. NatoflSi ^Se:^^^^^ 
refativiiy shprt^iv^ br rtibrtel, Iyrnjihooytsa|r^ has been 

injected vwth antigen are fused lAlth an iRime»lsil fumbr pefl line (e.g. a m^ibma iseil 
line), thus producing hybrid cells or "hybridomas" whioh are both immortal and 
capable of producing the genetically coded antibody pf the B cell. The resulting 
hybrids are segregated into singte genetic strains by sele^^ dilution, and regrovito 
with each in^lividual strain comprising specific genes for the formation of a single 
antibody. THey therefere produce aritibddies which ar^ homogeneous against a 
desired antigen and, in Inference to 1^^^^ 
"monoclonaL" 
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[6051] HybWdoma cells thus prepared are se^ed and gravm in a siiitable culture 
medium that preferably contains one or more substances that inhibit the growth or 
sun/ival of the unfused, paienial myelpma c@iK Those skilled in the art wiii 
apprediate ttiat reagente^ 
pf h^bridottias atB cqnmen^ity avaBs^^^^ 

st^daitlbi^ protecbls ate v\ej| 0sfabffsihid; G^heral[y,jctilfu^a med^ ithe 
hybrpdorna cells are igrQwit^ is^ a$sayed:f0riirpductRj^ Of thonotcM antibbdl^ 
a^inst the desired aii^h^ Pr^rab^ thi3|>ihdihg ^p^dffeiQy oftjNe mpiiiicidprial 
antibodies produced by hybridoma cells is detennined byimmunoprecipitation or by 
an 7/7 vitrt) assay, such as a radioimmunoassay (RIA) or enzyme-iihkied 
[mtnunoabsorbent assay (ELISA). After hybridoma cells are identified that produeei; 
antibodies of ttie desired specificity, affinity and/or activity, the clones may be 
subdoned by limiting dilution procedures and grown by standard methods (Goding, 
MonoQtonal Anpbodles: Prihqlpl^ and^^^^^^^ 1986)). 
itwillfurther be gppiseiatedihatt^^^^^ 

subclones nrtay be separate^ firam iju^ medftinri, ^teo^ fluid Or serutrr l?y 
conventional purifioaiion pFpcadures such asv fOrex^mple, protein-A, l^roxylepafite 
chronlatography, gel ol^^phomsiSt dl^ilys 

[0052] In other compatible embodiments, DMA encoding the desired monocibnal 
antibodies may be readily isolated and sequenced uslTtg conventional procedures 
(e.g., by using Qligonucleotide probes that are capable of binding spepifically to 
genes ertcc^ing the heavy and light chains of murine antibodies). The isolated and 
s^ubq|oned hybiffijpma pells derye as a pr^fariied souFce of sudh DNA. 0nce isolated, 
the bisIA nvay be placed Into ej^jFsssion vectorsvw^^ ar^ ttien transacted irito 
prokaiyOGcOf eukia^ hCK^ dells sgish SKsE^^^ ^ari 0PS cejjts, Chinese 
Hamster Ovary (CHO) eells Or myelorna cells fhat do not otherwise produce 
immundgtbbuliris. More particularly/tlie Is^tEate^ 

d^cribed herein) may be used to done constant and variably riegion sequences for 
the manufacture antibodies as described in Neiwniari et srf., U.S. PAt No,. 5,658,570, 
filed January 25, 1995, which is incorporated by reference herein. Essentially, friis 
entails extraction of RNA fiOm the selected cells, co^ 
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amplificationlhereof by PGR usir^ Ig spedfic prirners. Suitabte piirnere for ttiis 
i)UiTE>6s0 are also described in U.Si Pit. No. 5,658,570; As will be discsiissed in more 
detail below, transformed cells expr^sirig the desired antibody may be grown up in 
relafaVeiy Isuf #:quanpi^ pttmd&dlifmiM commerdal stii^plies of the 
immunogbbufih. 

[0053] 1T»ose skilled in the art wnll edso appreciate that DNA encoding antibodies or 
antibody fragments may also be derived from antibody pi?age libraries as s.et forth, 
for example, in EP 368 684 B1 and U.S.P.N. 5,969,108 each of Which is 
incorpoiiated herein by refersnoe. Several publications (e.g., Marks et at. 

huem^n antibodies by chain shuffling, welt as CQmblnatbrjal infection and in vnfo 
recombination as a strategy for consbritcting large phage libraries. Such procedures 
provide viable alternatives to traditiohal hybridohia techniqaes for the ispfatioii and 
sub^gqueniaoning ctf nibttodbnalantibj^^ such, are cleariy within the 

piuvl^of the l^s^rrti^ 

[0054] Yet other embodiments of the present invention comprise ttie generafipn 
of substantially human antibodies in transgenic animals (e.g., mice) fltat are 
incapable of eadpgenQUs ftnrnunogfQbulinptoducti^^ e.g^ U.S. Pat. Nos. 
6,075.181, 5,939,598, 5,591.669 arid 5.589,369 each of Which is Incorporated 
herein by reference). F-pr example^ it has been described that tiie homo^ous 
deletion of the antibody heayy-chain joining region in chimeric and genn-line 
mutant mice results in complete inhibition of endogenous antibody production. 
Transfer of a human immunoglobulin gene array in such germ line mutant mice will 
result in the production of human antibodies upon antigen challenge. Another 
preferred means of generating human antibodies using SCID mice is disclosed In 
commonly-owned, U.S. Pat. No. 5,811 ,524 which Is incorporated herein by 
reference. It will be appreciated that the genetic material associated with these 
human antibodies may also be isolated and manipulated as described herein. 
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[OOS^ Yiet another highly effi^^ 

Is cjisdos^ l^Newm^h/SMi^^ 10: 1455-1460 (1992), SpecHlcally, ihis 
technique resufe in tbegenemfibn of pHmatized ant}todfe8th&^ monkey 
VartaMe domains dhd fiUtn^ pphsfsilhl sequent^ T1)is,raf0Fe;hce is incdiiporafed^ 
by mferene0 in K$ entire^ herein. Moreijver, thb tedhnlqui^ ailso described in 
comitionly assigned U.S; P#, jN|c»», 5,658,570, 5t693;780 and S.7S6vO|9Q ead^ ic>f 
wWi^ inpaqppjrated h^^^^ 

[0056] As IS apparent from the instant specification, genetic sequences useltil for 
producing the antibodies of the present invention may be obtained from a number of 
dif^giKeot sources. For: exari^iie. 8l& discussed extensive^ above, ai varlet/ of human 
ahtibqdy ge«ies are the tprrn of public^ acc^ssibie deppsils; Klahy 

sequehc^s df antibodies acid ahfflSDdy^S^ 
suitable iintibpdy genes <$ri bp synth^i^ fihorti tiese s$quencei^^^^ 
previously descHbed. Alternative^, antibbdy-^iFaduclihg cdl lined may selected 
and cultui^d using techniques vvell known to the sidlled artisan. $uch tedhniques are 
described in a variety of laboratory manuals and primary publications. In this 
respect, teohniques suitable for use in tiie invention as described below are 
described in Current Protocols in Immunology, Goligan etal., Eds,, Green Publishing 
Associates and Wiley-lnterscience, John Wiley arid Sons, New York (1991) wiSich is 
hemin incorporated by reference in its entirety, including supplements. 

IP057] It uriil further be appreciated that the scope of thas invishtidii ftitthef 
encpmpass^ ali allies, yariant& ancl ntiu^tibr]^ of the ONA sequisnqes described 
herein. 

|POS^ AS is well Known, R^Mt may be isolayd from the original hybfidbma cdlls 
or from othi^r ftansfonried cells by staodard/teciTn iques.. scrclr as guanidinium 
isothidcyanate isxtra#bn and pr^ipliation followed by c@ritr1fUgation or 
chromatography. Whiere desirably, mRNA may be isolated tmrn tptsJ RNA lay 
standard techniques such as chromatography on oligddiT cellultee. Techniques 
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suitable to these purposes are familiar in the art and are described in the foregoing 
references. 

[00591 cDNAs that encode the light and the heavy chains of the antibody may be 
made, either simultaneously or separately, using reverse transcriptase and DNA 
polymerase in accordance with well known methods. It may be initiated by 
consensus constant region primers or by more specific primers based on the 
published heavy and light chain DNA and amino acid sequences. As discussed 
above, PGR also may be used to isolate DMA clones encoding the antibody light 
and heavy chains, in this case the libraries maybe screened by consensus 
primers or larger homologous probes, such as mouse constant region probes. 

[0060] DNA, typically piasmid DNA, may be isolated from the ceils as described 
herein, restrictiGn mapped and sequenced in accordance with standard, well 
known techniques set forth In detail In the foregoing references relating to 
recombinant DNA techniques. Of course, the DNA may be modified according to 
the present invention at any point during the isolatioil process or subsequent 
analysis. 

[0061] Prefened antibody sequences are disclosed herein. Oligonucleotide 
synthesis techniques compatible with this aspect of the invention are well known to 
the skilled artisan and may be canied out using any of several commercially 
available automated synthesizers. In addition, DNA sequences encoding several 
types of heavy and light chains set forth herein can be obtained through the 
services of commercial DNA synthesis vendors. The genetic material obtained 
using any of the foregoing methods may then be altered or modified to provide 
antibodies compatible with the presient invention. 

[0062] While a variety of different t^^es of antibodies may be obtained and 
modified according to the instant invention, modified antibodies used to assemble 
the constructs of the instant invention will share various common traits. To that 
end, the term "immunoglobulin" shall be held to refer to a combination of two 
heavy and two light chains {H2L2) whether or not it possesses any relevant specific 
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immunoreaciiuity. "Antibodies'' refeis to such assembiies which have signfflcant 
kn<oWn specrfieimrhuiiiQ^ actMt^^fo anahtigfdri (e<.g. dtumbfassQ^ateS 
antigen), comprising llghtancl heavy chiplnis^wlHi or Y^otrt covalent iinfegige 
between them. As discussed iadsavev'mpdffi^^ antibbdieis" abcsording to the 
present invention are b{9ld to mean hnrnunoglobulinsi antibodies^ m 
immuhdre&Gtive Mgttifeh^ thefettf; In which at ieasft si ftacfidn of 

one or more of the cxinst£int negion domains hsiss^^^^ or oihenwise altered 

so as to provide desired biochertiical dhiaracteristics such as the aibfli^ t6 ribn^ 
cpvalently djmerize, increased tiimpr Ipoalizatipn or reduced serum half-life when 
GoitiparisdAMifh a whole, unaltefed antibody of approidmafely the same 
Immunogenicity. For the purposes of the instant application, jmmunoreactive 
^ingJe chain antibody constructs having altered or omitted constant region domains 
may be considered to be modified antibodies. As discussed above, preferred 
modified af^tibodies or domain deleted antibodies of present Invantidn have at 
least a porjdon of one of thjEs constant domains d^^^^ More pref^Nlbfyi one 
entirei domain of the constant region of the modified 
$ven more preferably the eriitire Cn^i domaih wil! be deleted. 

[0063] Basic immunoglobulin structures in vertebrate systems are relatively well 
underetood. As will be discussed in more detail below, the gerteric term 
"immunoglpbuHn" comprises five distinct classes of antibody that can b^ 
diStirigyi^^ biochemically. While etil fjve classed ar&ctear^ within the scope of 
ihe prBserit invention, the fpilowing discussion wnll generally be directed to the 
class of Ig6 fiibieciirles; With regard to IgQr immUhc^'cibulihS cibmprfse two 
identical light polypeptide chsiins of molecular weight approxirriiately 23,000 
DaKons, arid two Idi^tical heavy chiairtg of moleculiaif weight 53.000-70.000. The 
four^hdins are^ joined by dfisulide bonds in a 'T\conf(guration wherein the light 
chains bracket the heeyy chains starting at tie mouth of the and conlilnUing 
through the vari&ble iPiegion. 

i|DQ64] lyflore specifically, both the light and heiavy chejns are divided info regions 
of stitiCtural and ftinctibnai homology. The tefms '*Gon$tdnf ^ arrd "vafiable" are 



24 



peT/iisp2/ioa(S4 



used ftjnctionaliy. In thte regard, it will be aippredated ifihaf the variable dornains of 
bc^^i^ llght;(VrO arid heav/ (%) Ghairts deteritiine aritigidri tdc^h^^^^ 
specificity; ponveisely, the pprKstant ctomains of the light chafe {00 aij^ the heavy 
chalh (OhI , or Gj^S) g{»iI^ impintant bidogi^^ a$ secretion, 

trarisplacenta) mobife Fc recepfer bindfrig. cqmpfernerrf b and the bike. By 
ConWritioh thiE^ numtjenhg of the^ region dbririiaihs iho'esises as they 

jljaconfie more dl$t^lfp^ 

ahtOkxfy. Thus^ the Ch3 Jand Ci dDtriiaihs^ a^ tioitfitiirisd thigti^rbdi^ 
offlhie iieavgr and lightj^ 

pimi Light chafns am da5$H«sd as either or lattibda (ic^ ^. Estch he^ 
dhain (dass may be bourid with either a Hfappa pr tambda light chain. In gen^rial, 
the light and heavy c^^jrt& are i^^ bonded to eadi other; aiid lhe 'tair' 
pbffiotis of :flie tiiyo heavy chains are ijqhded to ea^ ciiftjer by covaterit disuHilde 
linkages when the iiir)nr)uriogbbulin& ar@ generated etttier Isy hybdddmas, B c^lls or 
genetiiaaKy engineei'epi host cells. Iti tiie heavy dha^ the arrtftio ad|d;^aejtTce^ 
run from an N-tfermlnusf at the forked ends of the Y (Configuration to the C^tenninus 
at the bottom of each chain. At the N-temiinus is a variable region and at the (3- 
terminus is a constant region. Those skilled in the art will appreciate tliat heavy 
chains are classified as gamma, mu, alpha, delta, or epsilon, (y, n, a, 6, e) with 
some subclasses among thism. It is the nature of this chain that detarmjnes the 
"class" of the antibody as IgA, IgD, IgE IgG , or IgM. The immunoglobulin 
subclasses (isQQrpes) e;g. IgGi, lgG2, IgGa, IgG*, lgAi> et& are well characterized 
and are kiiown to conierifMnc^ Mpdjited veisibns pf each of 

thes« cliasses and is6|ypes.am rfeadny disderhablato the sldlled , artisan in vje^^ 
th$ jnsj|tnt dNiQsure and, acqprdlngjyi are: v0vjri ttie pundew of the instant 
ihventibh. 

[0066] As indicated above, the variable region allows the antibody to selectively 
recognize and spedfically bind epitopes on immunpreac^ive antigens. That is, the 
Vl domain and Vh doirnain of ah antibody combine to torni the variable region that 
defines a three dimenslbnal aritigen binding sitiei This quaternary antibody 
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structure proyides tqr an aiTtigen Wndu^ Of each arm of the 

Y. 

[0067] The six CDRs present on each monomerio antibody (H2L2) are short, non- 
contiguous sequences of amino acids that are specifically positioned to fornn the 
ariflgen binding site ias the antibody a its three dimensional configuration in 

an aqueous environment. The remaindier of "the heavy and light variable domains 
show less ihter-molecular variability in amino acid sequence and are temrted the 
frarnework regions. The framework regions largely adopt a p-sheet conformation 
and the CDRSi fprm Ipppa connectinig, and in some pases fomting part of, the p- 
sheeitslrudure. Thiis, th&se1ianieutoH<regi^^^^ la i^affold that 

pravides forppsjtlQriingfte sbc CDJ^^^ 

eb\ralenf infarac^onsi Ih ai^ a^ht, the ahtlgeh binding sit^ by the 
PQsltlpnedCPF^ define a surfaqe coniplernentBry to the epitope m tie 
ihrtmuhdiBailitiv® aMgiri. This complemehtEuy surface;^^^^^ the hoh^valisht 
binding of the antibody to the Immunomaciiv^ antigen e^^^ 

pO^iB] For the purposes of the present Inveotipn, it should be appreciated that 
disclosed jriodlfied antibodies may comprise aip^y i^e bf Variable region tha^ 
pipyid^ for the assopiatioTi of tite antibody vviGb iBiB selected a in this 
regard) the variable i^ion may comprise or be derivied fro^^ ^e of mammal 
tiiat can b^ induc^io mourit a humoral-responTO and gj^nenatse Immunoglpbulrns 
againstfhe desired antigen. As such, the variable legion of the modiftad 
antibodies may be, for example, of human, murine, non-human primate (e.g. 
cynomoigus monkeys, macaques, etc.) or lupihevorigin. In partiGulariy preferred 
embodiments both the variable and constant regions of compatible modified 
antibodies are human. In other selected embodiments the variable region^ of 
compatible antibodies (usually derived from a non-human source) may be 
Engineered or specifically tailored to improve the binding pfoperi:ies or reduce the 
Imhriunogenfci^ of Ihe molecule, livthferiesp^ variable regions useful In the 
pr&sent invsrifion may tie hMifianiz^d or otherwlBe attared tiirough the inclusion of 
imported DNA or amino acid sequences. 
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[00^91 For the purposes of ttie instant appljeditipn the term "humanized antibody" 
shall mean an antibody derived from a hpn-humari ahtibddy^li'pipally a m^ 
antibody, that retains or substaintfally relaii^ the antigembindin<9 prpperties of the 
parent antibdid^^ le^ infjihunogenic in hvirii^ils: Tflis may i:^ achiieyed 

by varibus melhodSrincluding (a) graf^^ 

6ht6 human constant ragiohs to geh^mta i^iniieHearitlbbdi^; (b) grafting at least 
a part of one or more of Sha non^iwmiin 'ebrnp 
(GDRs) into a human ft^^^ 

crffical framework r^i'dues; or (c) transplanting the entire non-haman variable 
ddrnairis, but "clqakirig" them with a human-like section by replacement of surfaee 
residues. Such methods are disclosed in Morrison et at, Proo. Hstl. Acad. Soi. 81: 
6851-5 (198'4); Mohison etaL, Adv. Immunol. 44: 65-92 (1988); Veihoeyeh et al., 
Scfeoce 239: 1534-1536 (1988); Padlan, Mo/ec. Immun. 28: 489-498 (1991); 
pgciianj Mptea /mmtff?. 31: 169-2170994), and y.Sv^^ Nos. 5,585;089, 
5,693,761 and 5,693,762 alf of Which ar© hereby incorporated by refecsnoe in their 
entirety. 

[0070] Those skilled in the art vwll appreciate that the technique set forth in 
option (a) above will produce 'classic" chimeric antibodies. In the context of the 
present apiplication the term "chimeric antibodies" will be held to mean any 
antibody wherein the immunoreactive region or site is obtained Or derived from a 
first species and the constant region (which may be intact, partial or modified in 
accordance with the instant inventioh) is obtained from a second species. In 
preferred embodiments fh@isnt|gen>i^^^ of site wili befrbm a hon-humah 

source (e.g. mouse) arid tite cohsfiant region is human . While the imniunagenio 
specificity of the vatiable regbh is npt geriereify aff^c^ Its ^ourc^, a huniah 
constant regbn is less Btely fo eiteit an Immune res^ a human subject 

than Would the constant region from a non-human source. 

[0071] Preferably, the variable domains in both the heavy and light chains are 
altered by at least parBal replacement of one or more epRs and, if necessary, by 
partiai lramework region replaiiemeht and sequence changing. Although the 
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CDRs may be derived from an antibody oftJiesame class or even subclass as the 
antibody from Which the framework regions are dsriyed, It is: envisaged that the 
CDRs will be derived from ah antibody of different cla$s and preferaibly from an 
antibody from a difhsirent speciij^. K must be emphasized that it may nof; be 
rieoessary to |Bp|ac^ all of ttie CPI^^^ the corhpl^te pDRs from ti^ donor 
vailable r^gjbn tbtrahsf0reie 
aiiother. Bather, rt rhay bhi^ir lie neiiie^aii^ 
neoBssary tb maintain the ao^ity o^^^ Given the 

e>0Ia*>Eitibhs^f6it|t ih^ U ^ Pat. Nbs.^i5^,p89, S;693,761 arid 5^693,762; it Will 
be well within the competence of tftesg^s^^^ ttie^art, either by canyinig qift 
routine experirtientftian ort^trtalaiid error testing to pblairi a funtrtiOhal antibody 
witft reduced immurKQgenic%. 

I00721 Alieratrbns to the A/ariaiite notM^hstandiihg^ thcKse skHled in the art 

will appreciate tilat mpd^^^^ 

apprise MibddlaS/Oritnmunoreacdve^ 

fraction of one or rnorn of the c»6hsk^^ riegioh domaihs: has been deMiecl or 
otherwise altered so as to piovkie desired islbbhemical charaeteHs^'cs such ss . 
increased tumor localization or reduced senim half-life when cornpared with art 
antibody ofappro)dmately the same immunogenidty comprising a native or 
unaltered constant region, in preferred embodiments, the constant region of the 
modified antibodies will comprise a human constant region. Modifications to the 
constant region compatible with the instant invention comprise additions, deletions 
or substitutions of one or more amino acids in one or more domains. That is, the 
modified antibpdiies disclosed herein may comprise alterations or modifications to 
one-OFmore of ttie-three hea\q^ chain <»nstantdbmairis(CH or Ch3) and/or 
to the light idlain constant domain (Qt). As will be discussed in more detail beldw 
and shown in the examples, prefened embodiments of the invention comprise 
modified constant regions wherein one or more domains are partially Or entirely 
deleted ("domain deleted antibodies"). In especially preferred embodiments 
compatible modified antibodies will comprise domain deleted constructs or variants 
wherein the entire Ch2 domain has been removed (ACh2 constructs). For other 
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preferred embqdirnents; a shprt^a^ 

defeted clornialh to provkle fle^dbility aifki^edbhi of m&iVehtirit for the variable 
region. 

[0073] As previously IndicateJ. llie suljunit stnjrfures and three dimensional 
cdnfigtiiriatlori of ttve constant regions of the various jrrtttiunoglbbuiincla^^^ 
w^j Known, For example, tlie Ch2 domain of a human IgG Fc region usually 
iexte^ds frOrn about residue 231 tp residue 340 using conventional numbering 
schemes, the 0H2 dpmair» isi unique fn l&iat ft Jsnoi clesely paiiBd vwfli anpther 
doftiain. Rather, two N-Rnlced birahciied G^iijbhydrdte chains are irrtei^osed 
between the h«p CH2 domains of an intact naflye |gi@ mblecMte. ft is also yw&ll 
docunfiehteld tbsit fie Ck3 dbrnaln extientis from the Ch^ ^omEUn to the C^tbitninal 
of ihet IgG mplecuie and co^^^^^^ 

region of an m nwlbbule jbiris the GH2:dbfl^^ TWs Klng$ 

r^lon enppmpiassespn the prder piras Fesidire^and Islii^btartheiBby ailpwiiig 
thi^ tv»> N^t^inal antiij^^ bindihg r^ionis tp rnoye indeperidpntiy. 

(Pp74] Besides tiieir cpnifigiir^onV It Isr Rnowti the art thia$ the constant rpgipn 
mediates several effetstor ftirictiions. For (sxarnpie, binding oftheCI component of 
cortiptement to antibodies activates the complement system. Activation of 
conriplemerrt is Important In the;opisonisatfort anci lysis; of cell pi&thp^ens. The 
acajh/ai|iph (rf cpmpleroent also sflrtlplatis th^ Ihfl^ res^xonse arid may afep 

be Invblyed in autoiinmune hypeisena'tivity. Further, antibali^ bind to cslls via 
the Fc region, with a Fc receptor site on the antibody Fc region binding to a Fc 
receptor (FcR) on a ceil. There are a number of Fc receptors which are specific 
for different classes of antibody, including IgG (gamma receptors), IgE (eta 
receptors), IgA (alpha receptors) and IgM (mu receptors). Binding of antibody to 
Fc receptors on cell surfaces triggers a number of Important and diverse biological 
responses including engulfinent and destruction of antibody-eoated partides, 
Clearance Of immune complexes, lysis of antibody-coated target cells by Killer cells 
(called antibody-dependent cell-med«ated t^otojcicity, or ADCC), release of 
inflammatoiy mediators, placental transfer and control Of immunoglobulin 
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proiSuGtion. Although vgribus He receptors and repeptor sites have been studied to 
a certain ©rtertt, Vt}$te^ stlU tnuqh wrtiiph is unknown about tfmir Ibt^dhy sti^ 
and functioning. 

[00751 Moreover, while not limiting tescope of 1^^^ 

believed that antibodies connprisih^ c^ modified as described herein 

provide for altered effector functions that, In turn, affect the biological profile of the 
adnsinistered antibody. For example, the deletion or inactivation (tlirpugh point 
mutations or other means) of a constant r^ion domain may reduce Fc receptor 
binding of the qirculating rnpdified antibody thereby increasing tumor localizatipni 
In other ea§es It may jtj^thatjtsihs^ 

instant invenffon modemte ccmpllment binding ^nd ihus reduce the serum half life 

and nanspei^jS&assoc^tr^^^ Yetcilthermc^ifkiatlonsd^ 

th^ constant i«9ibn^m^^ 

nfu>itiestiiat allow Tor enftaht^djocalizatioh:^^^^^ 

ahtibody ftexlbili^. l\4ore gehar^llj^; ttibse skllled In ttie eirt wilt reeaflzethert 

antibodies modified as described herein may exert a number of subtle effects that 

may or may not be readily appreciated. However the resulting physiological 

profile, bioavailability and other bicwihemloal effects of the modifications, sucti as 

tiiriibr localization and serum half-llfe. rnay easily be measured and quantified 

u^ing well kiww immunlogjc^l techni(|ues vnthout undue expen'mentation. 

[Od7i^ Similarly, modifications to the constant region in acieofdance-Wlt^ the 
Instant Invention may easily bei made using weli knoWn bipchemiisal or molecular 
ertgineerirtg techniques weli witiiin the punlew of the skilled artisan. 

£0077] Following hrrani^iilatibn Of thie isblated gerietic matalial to prbvide modified 
arri:S>odies as set lbrth abpy% the genes are ^Iq^lV inserisd in an e^tression 
vei^r for IntrbducGon Into hbsfo^^ 

quianfit/qf itjodifiedahflb^^^ &rrt. prp\^^sthis ctaimed cpnstruct^^ 

[0078] The temi 'Vector" or "expression vector" is used herein forth© purposes of 
the specification and claims, to miean vectors Used in accordance with the jsresfeht 



30 



wo 02/079255 



PGT3JSP2/1P164 



invention as a vehicle fQriht^^ into and expreasuig ^fi desired gene in a pell. 
As kfibwn to thbise ski|l6dln the arii such veelpi^ iriay e^^^ 
group coreMsting of piasinids; phages, viruses^s^^^ In geaienal, veotor? 

compatible with file instant inven&in urill cbttipnse a selectiort marker, a(:^rQpiti^ 
re^qQon ^fes tofacliate c^onjhg of Uie desiied gene and the abiOl^ to enter andi^cir 
replidate in eukan/otc or prokarydtie dells. 

[0079J Forthe purposes of Uti^ jnvenfipn, riurnercni^ e^pi^i^ vecfor systems 
may be^mpioyed . For example^ on^ clias^ of vector utiiiiEes Q^ elements which 
are detlved from artjm^lvlnj!^ suc^ as bovine papilloma virus; pplyprna virus, 
adenovirus, yscpfni^ vlfMs, bapu|p\rfrus. refrcwlruses pSV. MMW or MOMLV) or 
^40 Virus. Others inyotve the us^ o^^^^ 

binding sites. ^d{|jpnaliy. .oelI6 which have Integrated the DNA Into thefr 
chromosome^ itiay be selects by Ihtrddudh One Pr rribre marioanB whl^^ alkiw 
seiectlpn of transftecSed host cells. The mad^ may prwideior protptrophy to an 
. auxotrophic host, bioclde resistance (e.g., antibiotics) or resistance to Mavy 
metals such as copper. The selectable marker gene can either be directly linked 
to the DNA sequences to be expressed, or introduced into the same cell by 
cotransfomiation. Additional elements may also be needed fpr optimai synthesis 
Of mRNA. These element may include splice sighal8>^ we 
promoters, enhancers, and temiination sign^. 

[0080] in particularly prefened embodlmpnts the ctonad variable region genes 
are inserted into an expression vectcnr along with the heavy and light chain 
constant region genes (preferably human) modified as discussed above. 
Preferably, this is effected using a proprietary expression vector of IDEC, Inc., 
referred to as N EOSPLA. This vector contains the cytomegalovirus 
promoter/enliancer, the mouse beta globin major promoter, the SV40 origin of 
replication, the bo>rine growth homnone polyadenylation sequence, neomycin 
phosphotransferase exon 1 and exoh 2, the dihydrofolate reductase gene and 
leader sequence. As seen in the examples below, this vector has been found to 
result in very high level expression of antibodies upon incorporaSbn of variable and 
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constant region genes, transfection in GHO cells, follbwed by sefection In G418 
coritairiing rnedium and methotifexate suriplification. This vector systerti is 
substantially disclQSejfll in cpmmonly assigned U,S, Pat. Nos. 5.736,137 and 
5,@S8i,57Di (flach ef whfch is incpipbraffecJ by refsirenos in its entjirlfy herein; This 
sysfern prewdgg for iiigh e)p^ 

[0081] In other preferred ernbddifiienfS the mcidified antibodies of the instenl 
invention may be expressed using pplycistronic constructs such as those disciosed 
In Oipending United States provislbna! application No. 60/331,481 filed November 
16, 2001 ancJ inGorporated herein in its entirety. In these novel expresslpn, 
systems, multi|5lB gene ijfoduets of interest such af»d light chains df 

antlbpdfiBs may be pjtpclucetjl 1mm a single potycistr^nic ^ohi?^ these systems 
adviahtageouiBiy use iBih internal 

high levels 0frnodlfieci ahtifiiodies in^Ml^iyotk^hQ^ seil^. pprapatibie |RE$ 
sequences^ dlsblG«sed iji U.8;P.N^ 6^1 93^080 whbh is also inixiiptHi^^ herein, 
those sikilled In the sftt ^ll lappre eiich expressioii ^ysterite may be ua^^^ 

to effective produce the full rangeiilf modified antibodies disdiosed iti the Instsfnt 
application. 

[0002] ' More specTflGallyi the ahtlbodied of Hiie present invention vviil be 
adyahtegeously produced through a novel ei^fessTon sy^m for producihg 
muftiple gene produpts of interest i^m a sihgie polycistranib doristr^ in a 
pref^ned embodiment the esitpiession intern produces antibodies In eulcaryofic 
cellSt prefecabiy metmrnallari cells such as Ptiiln^ hamster ovary (dHO) cells, 
baby hamster kidney (BHK) ceils, fibroblast ceit lines, mv«;b Preferably, 
CHO cells are employed as hosts for an expression system comprising a 
polycistron comprising DMA coding GnYIII and, in the 5' to 3' orientation, at least 
the following sequences: a strong eukaryotic promoter sequence such as CMV, 
SV40 eariy or actin promoter sequences, preferably CMV; a DIMA sequence 
encoding an antibody light chain and, preferably at its 5' end, a eukaryotic 
secreting leader seqMence; an internal ribpsome entry site (IRES), preferably that 
of a cardibvinis, poliovirus or he^es vims, positioned to follow the antibody light 
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chain sequene6; aiteast me. DNA siBquence^ encoding an antibody hea\y ehaih, 
eacdi heavy chain isequejnce :pi)Bleiiab^ bejhg preceded by a eukaiyf#Q seciB^ng 
leader s^Ugnoe, and flanked by a M mA a stop cddon, Whepgiyi egicih DMA 
ehbbcjiing an ^l>bdy chajn j^epsjiiatei^ fhoiri a subsequ^hf hesf^ c^ain 
sequetnce by an 1F{E$, and: virherelh 4he aifimate antibody beavy bhain Mdihg 
sequence cornprises a poly A sequence at ite 3* temiinus. 

[0083] As noted herein, the eukaryotlc cell preferably comprises a mammalian 
cell and more preferably a GHO ceil. In a pfefen-ed embodiment, the prorhoter is 
the QlVlV promoter, and the IRES is deilved from a psirdloyiru? such gs 
Encsphj^orittycft^i^itis vims; M viruSt Mbusrflbeffigll viruis, MM viRlSf and 
Cbltimbia Sl< virus, nip?! pi^fer^bly human enc®^^^ (hEWICV). 

[0p$4] The Inventive polycjstron preferably comprises one or two antibody heavy 
chain coding sequences. However, polycistron combinations including 3 or 4 gene 
sequences, for example, one light chain and three heavy chains, are 
contemplated, Addrtionaltyi the sybject polycistron will preferably GornpriSe the 
poly A sequence of the boVfne growth hormone (bGH) gene, the i^lyd^n 
system may bet used Ih fibrhPIogbus reqonrU)lna^^^^ 

[0085] In a preferred embodiment this inventive polycistron comprises one or two 
copies of the heavy chain coding sequence dependent upon the stoichiometry of 
gene expression. In this regard, it is well known that in polyeistronic expression 
systems, the second gene is expressed at lesser efficiency than the first gene. 
ACGordingly, the inventive polycistron, in which the first cjstrpn encodes an 
antibody light chain, may encompass a second dstron encoding two or more 
heavy chain coding sequences, if deierned necessairy, to facilifeils sufQcIent 
expression of the h:eavy chain relative to the: light chain. In general, it is prefen'ed 
that the h^^vy chain be eiipressed at levels which are at least equl\^lent to levels 
observed with hon^qiydstiKW of ttie heavy and light chains, 

[0086] it is permissible, and. fn l^d: desirable, that more of the antibody light 
chain is ejqaressed ih comparison With ffie heavy chain, as this Is analogous to 



33 



WO02«)79255: 



PCT/OS02/10164 



What OGcurs in endogenous qells of a mammal. Disparate ejcpression levels ejcist 
because tM light chain is inMrumehtal in directing th& appropriate assembly of the 
ahtibody heavy and light diaihs, and ^pessiye unpaired hepvy chain Is thpught to 
induce cell tdsdelfjy. The light chain is aisa critical in ditecfing folding of the 
assembled antibody heavy and light chains to praduiss a functional (anfigen^ 
binding) antibody in Hie eridbplaSmie retieulum. 

[0087] However, levels of the heavy chain must not be de minimus, and should 
im prment In suffic^ent ra^os v/iih r^pect to %ht chains to enable |h^ genesis of 
fundionial. s^r&tabie antibodies in commercially acceptable levels. Thus, it is 
undesirable for the heavy chain eicpression to be too low relativp^^tofie light c^ain, 
as underexpr^sibh results in inadequate yields of functional antibodies. For 
purposes of industriai utility, Inadequate yields of functional antibodies render an 
expression system commeicially non-viable, and makes the recovery of complete 
antibody molecules from batch cultures difficult to achieve. Preferably, functional 
antibody is recovered from cultured cells at an amount nanging from fjbbut 10-50 
picograms/ceil. 

[0088] With respect to the above, it Is generally unpredictable udiether a given 
polydstronic expr^sion system will result In «c{equate levds of antibody 
production relative to otiier expression systems. This unpiedlc^bllKy arises 
because, iri sotne ihstahpes, tfie second desired genis in the polyclstixinic coi^^^ 
may be 6>^f8ssed at very low levels relative to the first gene; TTieFefbte. prefenred 
embodiments of polydstronic vectors should provide a ratio of antibody light chain 
expression to antibody heavy chain expression within the range of about 10:1 to 
about 1:1. Preferat>ly, the ratio of light chain to heavy chain gene expression is 
from about 3:1 to about 2:1. 

IptiSSl Initial IRES constructs were crafted to contain an antibody light chain 
sequence in the fist cistron, followed by two IRES-anflbody pHZ domain deleted 
heavy chain sequence pairings, thereby ensuring sufficient heavy chain protein 
production to enable suitable levels of antibody to be produced and secreted from 
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host cells. Th@ Known unpred|ctabif% of se cistron expression in polyofstronic 
v0etciirs prorifptieid the edh^dion ofsuch a veefori Surprisjnglyi both h^vy diaih 
sequences CQuld be expres^eqi via th{§ poly^sisfrionip vector. 

[0090] The inventive; polycistrdnic vectors enable the requisite igveis of heavy 
and light chairt expression to b© achieved ;iby judidpus seleesfipn of appropriate 
heavy chain antibody sequences, by seledion of an efficient IRES, such as that of 
hEIWCV, or by the incorporation of multiple copies of the antibody heavy Ghain 
genes. Still further, the DI^A Gorresponding to the 5' end of the heavy chain gene 
may be rnodified by site specific mutagenesis such that the coding structure 
remains unaltered aipund ttie ATS eodbn, ^jiically the fiiist 10 codohs. In this 
manhier, tha apgiressidn lavels of dWer#nt haay^ cadjhg seqiieiiGas 

compound, thereby selscflFig for a heavy chain DMA that provides optimal yields of 
aril^body heavy chain IliplecufeK^ r^Tativetp antibody light chairt m 

[0091] The heavy chain yield will be less than the light dialn yield, as is the 
typical lexpresslon relationship in the intact ceiL The light chalh yield to hea\r|' chain 
yield 1^0 witi be sufficient to enable protein secretbn ^nd i^ldlhg. The ratio of the 
light chain to heavy chain e}q>rasi5ion may be varied by,, for example^ inbre^sing 
the number of IBE$-iihkec( downstream gene sequences fblltjwihg the %ht chain 
sequence of tiie flist dStran. A particular IRES and expr^ion eell eombinatiah 
may be selected to optimalty ihbrease tiie simpMnt#s^^ plstixsh expression Th 
a system. 

[0092] iVIore gerterally, once the vector or DNA sequence 6nc6dini the antibbdy 
has be^ prepared, the expression vector may be introduced into an appropiiate 
host bell. That iis, tiiehbst cSlls may transformed. intrbdUGtibridftiieplasmid 
into the hostoell can be ;aG(»mplished by various tBchntqu known to those 
of skill inthe^art. These include, but arsi not lirrtltedto.transfebtion (jnoiiidingf 
elecirophoi^sis and eledipppration), prbtopli^^^^^ 

predpltation, cell fiislbn with enveloped DfjA, micromilecttonr, and infection with 
intact vinis. Sfee, Rfdgway, A- A. G, "MmmaSiBh Expm$^'op Wptdr^ Chapter 
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24 2, pp. 47G472 V^«ws, Rodriguez and (Butterworths, Bostonj 

Mass, 1588). Most preferably, plasrald introduction into the host is via 
#Bdrg3orai6n> Tlie trgnsfism 

th^^roduc^h of th(^ light (dWih^^a^ jaji^^as&x^^ 
fight diailn proyitt synthesis. ^TrysEaxy assay techntqi«is ihcllu^ 
inimunoisorbentasls^y (ELISA), ttEkiibfmmunOass^ or fluorescence- 
aciiyra^ qell sortefanalysi^cCIFACSVJ^^ tiefe 

[0693} As used herein, the term "transformation" shall be used in a broad sense 
to refer to any introduction of DNA into a recipient host cell that changes the 
genotype and consequently results in a change in the tedpient cell. 

[0094] Along those same lines, "hosteells" refers to cells that have been 
transformed with vectors constructed using recombinant DNA techniques and 
encoding at least one heterologous gene. As defined herein, antibodies or 
modifications thereof produced by a host cell that is, by virtue of this 
ti^nisfot'mation, reoombinsint In descriptions of processes for isolation of 
antibodies fronrj recombinant hosts, thetemis "cell" and "cell ojlhjre" are used 
interchangeiably to deriote Hie sou^xie of sintlbody unless ft is cieiarly st)eeifi€d 
otherwise. In oifiCTwp^ c!fantttipdylbnithe"ce|ls"^^m 
from spun down whble cells, of fipm^e isell cMjflttire ebnfaii^hg both the medium 
and the suspended ceils. 

10095] The host cell line used for protein expression is most preferably of 
mammalian origin; those sidlled in the art are credited with ability to preferentially 
determine particular host cell Rnes which are beslsuited for^e desirad gene 
product to b& Repressed therein. Exemjilaiy host cell lines include, but are. not 
limited to, D044 and DUXBI I (Chinese Hamster Ovary iin», DHFR njinus), HELA 
(human cervical carc^oma},JbVI (monkey Iddhey line), COS (a derivative of CVt 
with SV40 T ahtfgeri), Ri610 (Chinese hamster fibfoblasO mi-B^^^ 
fibroblast). HAK (hamster kidney line), SP2/0 (mouse myeloma), P3,1jmes.63- 
Ag3.653 (mouse myelorna), SFA^tdBPT (bovine ehdothella} cells), F?AJf (human 
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lymphocyte) and 293 (human kidney). CHO ceils are particularly preferred. Host 
xd\imesaTBX0ic&^ coinrnercistl ^rvieis, m Ameiic»n TEssM 

Culture C^lle^Dh or from published literature. 

[0096] in vitro production allows scale-up to give large amounts of the desired 
monomeric subunit and, by extension, constnjcts. Techniques for mammalian cell 
cultivation under tissue culture conditions are known in the art and include 
homogeneous suspension culture, e.g. in an airlift reactor or in a continuous stirrer 
reactor, or immobilfzed or errtrapped cell culture, e.g. In hollow fibers, 
microcapsules, on agan^se microbeads or cetatiitc bartridges. As previbusly 
descrlb»jj at least some of the monprneric subunits $pon1;»i^)ust^ ismKM^mn- 
covalentlytbfonn antibodi&& For isolation and recdveiy of the antibodies, ftie 
Immunoglobulins in ihe culture sup^mafants may first be concentrated, e.g. by 
precipltatibn with wnmbnium sulphate, dialysis against hygroscopic material such 
as PEG, filtration through selective membranes, or the like. 

[00971 Modified antibody genes can^so be expressed non-mammalian cells 
such as bacteria or yeast, in this regard it will be apprBciated that Various 
unicellular non-mammalian microorganisms such as bacteria can also be 
fransfomned; l.e. those capable of being grownln cultures or fenhentatlon. 
Bacteria, which am su^oeptible to transfontiation, mclude members bf the 
enterobaderiaceae, such as strains of Eschertehia cpli; Salmbnella; E^dllaceae, 
sudi as Bacillus subtills; Pneumococcus; Streptococcus, and Haemophilus 
influenzae. It Will further be appreciated that, when e)q)fess6d in bacteria, the 
immunoglobulin heavy chains and light chains typically become part of inclusion 
bodies. The chains then must be isblated, purified and then assembled Into 
functional monomeric siibunlfs. 

[OOdS] In addition to prokaryates, eukaryotic microbes may also be used. 
Saccharohiyces cerevisiae. or common baksfs yeast, is the most comrnonly used 
among eukaryotic micrponganisms although a number of other strains are 
commonly available. 
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[00991 For ejqjr^ton in Saccharomyces, the plasmid YRp7, for examptev 
(StlhGhcomlb et aL, Nature. 282:39 (1979); Kingsman et al., Gene, 7:141 (1 979); 
Tschemper esI: al., Gene, 10:157 (1980)) is commonly used. This plasmid already 

iaqidng th0abi% ia0iMin1i0i^m, for ^xssri^ MmmMmrSarPBHA 
(d|oFies,^it€d^ The piesehce^the t^:^ ieslo^^^ 

of th& V^i^ hoist (sllgeriomidlhien pncwidi^ mn efffec^vd emirotiittent fdr dedectir^ 
transformation by growth in the absence of tryptophan. 

£0100] Regardless of how clinically usefljl quantities are obtained, the antibodies 
of the present ihverifloh rriay be used in any dhe of si numbei' of conjugated 0.e^ an 
immunpconjug^te) or gnponjugatsd forms. In psiirtipular, the antibodies of the 
prEiseiit ihVentidn may be conjt^ed to ibylbto^^^ stieh as tadioiisdtbjaes, 
thensipeutloftgfP^r qytostais^^ents, bfolqgto^ tPXinsvr prodrugs. Alterriativei^, 
the antibodies of the instant- invention may be used in a nbheonjugated or original 
fbrm to harness the subject's natuFal di^nse Qhantems to eliminate the 
malignant cells. In paiiiculaiiy prefeniBd enribodiments, the modified ahtibddifes 
may be conjugated to radfoteot0pes. j5uch as "Y, ^^\. '"'l. ''^^1, "^In, "'Rh, ^^$m, 
^Cu, ^'^Ga, ■'^^Ho, ^"Uu, "^Re and *'*Re using anybne 6f a nufnberof well known 
chelators or direct labeling. In other embodiments, the disclosed compositions 
may comprise modified antibodies coupled to drugs, prodrugs or biologicial 
respiSr^se modifiers such as methotrexate, adriamycin, and lymphokines such as 
inteiferbn. Still other erhbdcliments of the present invention comprise the uee of 
fnodrfied antS)Qdies cphjugated to spediffp b|qtp>^h3 sudi as ricih or dipfheria toxin. 
In yet other ertibbdimems jOie mcK^ 

imrntirioioglcaliy active ligandsj(e.g, aritibbdies or fria^ments thetepiO wherein tile 
resulting molecule bihd^ to bdthihe nebpiastie cell and ah etfector cell sudi as a T 
cell. The selection of whieh conjugated or unconjugated hicidrfli^ antibody to use 
will depend of the: fype : and stage of cancer, use of ad^^ 
chemotherapy or externa! fadiafibn) ahd paliertt conditidn. It will be appreciated 
that one sKilied in the art could readily make such a selection tn view of the 
tegchings herein. 
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[61011 As used herein, "a <^tox:ih of cytotoxic agent?" means any agent that is 
detHHnent^l to the growth and proliferation of cells and may a^^^ reduc^i inhibit or 
d^rpy a cell or malignancy vvh^n Q^spasedt thereto, Bcemplary cytotoxins include, 
but aire not limited to, iadionuclideS, biofoxinsv eri!7matiGal|y active tdianSi 
cytpstatic or qirtotcn^ therapeutic agents, pnsdrugs, immunolipgFcaily apttye lig^^^^ 
and bibiogldal le^ohise rhbdifjiBm^ueh c^kihies; As wdil be tllsci^^ ih itiOFe 
detail belQW, radionuclide i^tQiElns ane^patficulariy prefer^ in th^ instant 

invention. However, any c^tbidn that acts to retard or slow the growth df 
imrnunoreactive cells or malignant celis qr tp eliminsrte these Mills and may be 
a^Qciated vt^th the ahtibcklies dis^ 
invention. 

JpiOZl It wil! be appneelafed ttet, in Rieyidaa studies, antf^tbrrior grtliljBdles 
labeled unth these isotopes have been sudp^isfijUy to de^y )»lis |h sblid 
tumpi$ as weir as tymphomas/leuketttias In animal modets, and ih eptne cases In 
humans. The radionuclides act by producing Ibnizing radiation which causes 
multiple strand breaks in nuclear DNA, leading to cell death. The isotopes used to 
produce therapeutic conjugates typically produce high energy a- or p-particles 
which have a short path length. Such radionuclides kill cells to which they are in 
close proximity, for example neoplastic cells to which the conjugate has attached 
or has entered. They have little or no effete on non-localized cells. Radionuclides 
a^ essentially nph-'ih3^m^^ 

[01031 It will be appreciated that, in previous studies, anti-tumor antibodies 
labeled with isotopes have been used successfully to destroy cells in solid tumors 
as well as lymphomas/leukemias fn animal models, and in some cases in humans. 
The radionuclides act by producing ionizing radiation which causes multiple strand 
breaks in nuclear DNA, leading to cell death. The isotopes used to produce 
therapeutic conjugates typically produce high energy a-, y- or p-particles which 
have a therapeutically effective path length. Such radionuclides idll cells to which 
they ate in close proximity, for example neoplastic cells to which the conjugate has 
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attached or has entered. They generally have IMe or no effect on non-iocalized 
c^lis. Radiohublides ar<5 ^ehtiiidly h6(^^ 

[01043 With in&speet to the use of ttjhjunpHbn with the 

pre^eniinvention, the modrfted arrtibipdies nriay lie dimcfly laheted (such as 
through iodination) or may be labeled indirectly through the use of a chelating 
agent. As used herein, the phrases "indirect labeling" and "indirect labeling 
approach" both mean that a chelating agent is covalently attached to an antibody 
and at least one radionuclide is associated with the chelating agent. Such 
chelating agents are typically refened to as bifunctfonal chelating agents as they 
bir«d:both the pQlypeptide anjd th? radlct^cftqpe. Partlculariy pmf^d ch^Ung 
agertts comprise l-isctfiipcyaTisttbbe^ 
acid C?MX-DTl=A'*) qnd^^^S^ 

DTPA") derivatives. Other Ohefating ag^ts corripHse P-DOTA and EDTA 
derivatives: ParficuMy preffened radionuclides for indirect labieiing inclade "Mn 
artd*r. 

[01053 As uised hen^n, the phrases "direct lafaeHng" ahd "dfredtjabelfng 
approach" both mean that a radionuclide is covalently attached directly to a 
antibody (typically via an amino acid readue). More specifically, these linking 
fechndogies: include/random labeihg and &1te?dlmpted labeling. In the latlar Qas% 
the labeling is directed at speijific sites on the ahflbpdy» such as the N-4ihked sugar 
residues present only on the Fc portion of the conjugates. Further, various direct 
labeling techniques and protocols are compatible with the instant invention. For 
example, Technetium-g9m labeled antibodies may be prepared by ligand 
exchange processes, by reducing pertechnate (JcOi) with stannous ion solution, 
chelating the reduced technetium onto a Sephadex column and applying the 
antibodies to this column, or fay batch labeling techniques, e.g. by incubating 
pertechnate, a reducing agent such as SnCb, a buffer solution such as a sodium- 
potassium phthalate-solution, and the antibodies In any event, preferred 
radionuclides for dbrectly labeling antibpdies are well known in the art and a 
particularly prefenred radionuclide for direct labeling is ^'^1 covalently attached via 
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tyrosine residues. Modified antibodies according to the invention may be denved, 
for e:!caniple, with radioactive sodiunri or potassiiin^ Iqdide and a chemibal oxidlzihg 
agent, such as sodiurti hyijochldriferchlorafnihe Tor fe^ like, br an enzyrtiatic 
gxni^ing agents such^e isK^perpxjdase, gluicclse o>a'dase iaind glucc^. However, 
for the purposes of the ipre§6W invehfion, the indited^ labeling approsm is 
particularly preferred. 

lOl tXS] Patents relating to chelators and chelator conjugates are knovm in the art 
For instance, U:S. Patent No. 4,831,175 of Gansow is directed to pdlysubstituted 
dietJiy|enetriaminepentsiac»tie acid <?helafes and protein conjugates opntainir)g the 
same, and method^^r their prepaisitlQi). U;S. Pater)tNo$.5iO9e,069, 5i246.6^, 
S.asMso, S;434,2$7 and $.124,471 of Gansow aisp relate to polysubstituted 
DTPA ohelafiis. ITiese pg^n^i^re in«>itk)iBtie)d hei^infh their enficeiy; Other 
ejcampies of QQmpatjtife metaf chdatQ^ 

<EDTA)idfe«hy{^netr<arnih^eh^a^^ 1,4,S.11^tetraazatetradecarie, 
1>4A11>tetraazatetrad 1-oxa-4i7,12,15- 
tetraazaheptadecane-4,7,12.1S-tetiaacetic acid, or the like. CyGlohe%lrDTPA or 
CHX^DTPA is pait'cularly preferred and is exemplified axtensiyely below. Stiff 
other cdmpatibie chelators, Induding fhcseyet lo bedisdovered, may^aisiiy be 
discerned by a skilled artisan and are deaily utnthip th&sco^^ 
invention. 

Epiip?] Cpmpatiblili cHelatbrs, indudin^;^^^^ chelator Usied to 

facilitate chelation in corpendlng applk^bn Serial Isips. qsm^is, d6/475,$15 
aiid 08/478.967^ are preferably selected to provide high affinifyfbr Ment metelis. 
exhibit incneased tumor-to^noft'lumor ratios and decreased fc>one uptaI^ as well as 
greater in vivo retention of radionuclide at target sites, i.e., B-<:ell lymphoma tumor 
sites. However, other bifunc^teinal chelators that may or may not possess ail of 
these characteiistrcs am kncAwn in the art and may also be benefidiai In tumor 
therapy. 
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[0108] It will also be appreciated that; in acc»ndlian(» with the teachings herein, 
nnociifred antibodies may be conjugated to difilsrent radioiabeis for diagnostic and 
therapeutic purposes. To this end th&afbriKlnientioned eo-pending applicatibnis, 
herein incorporated by iBfereriOe in theif oitire^, disclose radiolabeled tiierapeutic 
cpnjugafes ibrdiagn^tic '*llTta@ing^Qf tumons 

antibody. "10288" cs}niugat& comprisa$ a murine monp^onal arrSbody, ZBS, 
specific to human CD20 antigen, that i$ attached to "^in vja a Nfundional 
chefatorj>., MX-DTPA (diethytenetnarriiriepent^ 
1:1 mixture of 1-isoth)opyanatpbenzyI-3--methyl?DTP 
isothiocyanatobenzyl-DTPA. ■'"'^In is particularly prefenBd as a diagnostic 
radionucfide because between about 1 tp about 10 mCl can be safely administered 
Without detectable toxibity; and the imaging data is gBnerally predictive of 
subsequent ^¥^abeled antibody distribution. Most imaging studies utilize 5 mCc 
"'in-labeled anflbodyj because this doSe Is both safe and has increased imaging 
efficiency compared with lower doses, with optimal imaging oocuning atthree to 
six days after antibody adniinlstratio^n^ See, fbrexample, MMrl-ay, J. Nuc. Med, 26: 
3^8 (1985) and Canaguillo etai.J. Nuc. Medl. 26:67 {1985). 

tblOS] As indicated above, a variety of radionuclides are applicable to the present 
invention and those skilled in the art are credited with the ability to readily determine 
which radionuclide is most appropriate under various circumstances. For example, 
"^1 is a well known radionuclide used for targeted immunotherapy. However, the 
clinkal usefiiln^ of "'^^rcan be limited by sieveial factors inciuding: eight-day 
physical half-Iifej dehalogenation of iodiriatetf antibody both in ttie blood arid at 
tunipr sifes; and emission diarapteristics (e.g., large gamma component) whidi can 
besubppfima! for localized dose deposition in turner. With the advent of superior 
chelating agents, the opiitortijnify for^qhlng metal chelating groups to proteins has 
Increased the opportunities to utilize other radionuclides such as ^"'"'in and *V- *V 
provides several benefits for utilization in radioimmunoUierapeutic applications: the 
64 hour half-life of ^'Vis long enough to allow antibody accumulation by tumor and, 
unlike e.g., "'l, is a pure beta emitter of high energy with no accompanying 
gamma irradiation in its decay, wKh a range in tissue of 100 to 1,000 cell diameters. 
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Furtherrnome, the minimal amount of penetrating radiation allows for ou^atient 
administfation of °°Y-^label^d^^a^^ 

antibody is not required for cs^^^ Ideal emission of jdnizirtg radiation 

should tie lethal for adjaeent tUmbr cSBlls lacking the targiet antfgen. 

[011D] Effective single treatment dosages (Ae., therapeutically effeGtive amoynts) 
of ^%-)abeled ftiodlfied antibodieis range from between aboiit S and about 75 mGi, 
more preferably between about 10 and about 40 mCi. Effective single treatment 
non-marrow ablative dosages of "''l-labeled antibodies range from between about 
5 and about 70 rnCi, n^ioiB {^isfsrably betuveen about 5 and about 4Q niCi. 
Effecfftve single treatm^ ableitivna^ ddSiages (/i©., may require autotogbus borte 
mairoW Iranspldniajffw^^ of ^''frliabeM antibodies range torn beivi/^en about 30 
and about 600 finCir mbfB preferably between abouf 50 and l^s man aibdut 500 
mCl. In conjuncttofr y/^^^ Qwfng to the Ibr^ger drculatfng half 

life Vi^^^is murine ari^bodleg, ah ef^ve single: treafmeMhbri^M ablail«<B 
dcteage^Qfipdlrie-131 labeled chime^^^^ 

and. about 4Q rn0, moiie piyiijtbJy l^ss: thari iab^^^^^ imagii^ ciiten'a for, 
e.gL,;the "'ini&beJ, a»:typlos!!ylfe^ 

pjlill While a gre^t deal of ellnicel experience has been gained wittr ^'^i and 

other ladlolabels arfe knbWn In tfie aH and have fieen used for s|rtil|ar 
purposes. $tlll oQier iiadiolsptppes are^u^^ For example, additional 

radioisotopes Whieh ana compsitibte with this scope of the instant Inventiorr lneludei 
but are not limited to, "^l, "'l, ^P, '^Cq. ^'Cu, ^Cu. ^Br. **Rb, ''^Kr,'^Sr, 
"^Cs. ^^Cs. ^^=^1. ■'^^Hg. ^°¥fa.^Bi, '^Lu, ■''^i *^?Pb,;^%V^. ^*Rh.^«^Pa. 
"^Sm, "^Re. "^Au, ^^Ac, ^^^At, and ^^i. In this respect alpha, gamma and beta 
emitters are all compatible with in the instant inventibn. Further, in view of the 
instant disclQ;3ure it is submitted^at one skilled in the art could readily detennine 
which radionuclides are compatible with a eeteidied course of treatment without 
undue experinnentatibn. To this end, additional ridipnuciides have already 
been used in clinical dlagnpsis Include^^l. '•^I, ^c, ^'K, «^Fe. ^^Ga, ^?<3ai as well 
as ^"in. antibodieSihave also been labeled With a variety of radibnuclidesfpr 
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potential use in targeted immunotherapy Peirersz et al. Immunol. Cell Biol. 65: 
1 1 1-125 (1 987). These radionuclides include ""Re and ^°^Re as well as ^®^Au and 
®^Cu to a lesser extent. U.S. Patent No. 5,460,785 provides additional data 
regarding such radioisotopes and is incorporated herein by reference, 

[0112] In addition to radionudides, the antibodies of the present invention may 
be conjugated to, or associated with, any one of a number of biological response 
modifiers, pharmaceutical agents, toxins or immunologically active ligands. Those 
skilled in the art will appreciate that these non-radioactive conjugates may be 
assembled usirtg a variety of techniques depending on the selected cytotoxin. For 
esrample, cpn|!u@a||iswij^:b 

an dc:^ivated ester df biotin Such as the biotin N-^hydroxysucdrtiinrde ester. 
Similarly, ccMijUgates with a fiuprescent marker rnay be prepared In the presence of 
a coupling agert^ &g. Ihbi^ listed above, or by reactroh vnth ah isothiocyanatet 
preferably fluprescelri-ispthiocyanate. Conjugates of the aritibodliesqfthe 
invention withisytDstaitks/i^ltscbsDbs^nb^^^ meiai (^@Mes aiaprepared in 
an analogous mannen 

[0113] Preferred agents for use in the pr^ent invention are cytoto»c drugs, 
jsariicdlariy thc^ Wh^^^ for cancer thetiapy. Sudi drugs include, ih 

g^jrieral, cytostatip agents, alkylating aggnts, anflmetabotitesi antl'proli^ 
agents, tubuliti binding s^ieritsi troniion^ and hormbhe ahtagbhists, and the like. 
Exemplary cytostatics that are compatible vnth the present invention Include 
alkylating substances^ such as mechtorattiamihS, tilethyienephosphPfanriide, 
cyclophosphamide, ifos^mide, chlorambucil, busutfan, melphalan ortriaziquone, 
also nitrosourea compounds, such as camnustihe, lomustine, or semustine. Other 
preferred classes of cytotoxic agents include, for example, the anthracycline family 
of drugs, the vinca drugs, the mitomycins, the bleomycins, the cytotoxic 
nucleosides, the pteridine family of drugs, diynenes, and the podophyilotoxins. 
Particularly useful members of those classes include, for example, adriamycin, 
cartnihbmyoh; daunorubicin (daunbmybin), dpxpnjbicln, amino|)terin, 
methotrexate. niejHiPpterin.mithmmydnrS^^ 
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mrtomydn G/actlnomypin-D, porfiromycin, Sifluorouraci!^ floxuridine, ftorafur, 6- 
merca^topuring, eytarabine, cytosini aFiabirtbsid^, podbphyllotdxth, or 
podophylioioxin derivative suph as ejtpppsMe or etopos^^ pHosphEite, iDelphalan, 
vinblastine, yincn^ne, Jeurosidine, vihdesihe, [eurasihe arid the like. Still otHef 
)c^tc4c»dns that anB compatible with the teachings herdn lndude tasffll,^^^^ 
c^bchaiaslh B, gramibtdin D, athidium bfbriiide, erhetih% ten'Opoi^&, cdd^^^ 
dlbydrp)cy anthrai^ d I0bc#ine, 
pippmnbibi, iild purbmydn and analogs of hbmbie^si thereof. Hbntibnes and 
honnonei antagonists, su(*a?vp^^ prfiKinisone, prpgesitins, e,g, 

hydrojiyprbgesferbne or itiedropilbgesferone, issfrogerifs, e.g. dietHylsfilbestrbl, 
antiestrqgens, e,g. tamoxifen, androgens, e.g. testosterone, and aromata^fe 
inhibitors, e.g. arninogluihetimide are also compatible Vi/ith the teachings herein. 
As noted previously, one skilled in the art may make chemical modifications to the 
desire compound in order to make reactionis of that GOmpbund more GOntfehient 
for punsosesof preparirjg Qonjugat^^ 

0)114] One example of particular^ prefenred cybtoxnis; cbmprise members or 
derivatives of tiie enediyne family of ahtMuitior antibiotic^, i^ 
esperamicins or dynemlclns. These toxins are extremely potent and act by 
cleaving nuclear DNA, leading to cell death. Unlike protein toxins which can be 
cteaved /n vivo Xo give many inactive but immunogenic polypeptkle fragments, 
toxins such as palicheamicin, esperamidris and other enediynes are small 
mplecules whlQh are essentially non-immunogenlc. These non-peptide toxins are 
chbmrcaily-lihk€kl to the iahtibodiea by teChnit^ues whrch have been piie>dbusly used 
to label HionpBlQnsI aritibQdiejS' and (E^hertnofecute^ Trtiesie linking technologies 
include stte^p^flb lihl^ge via Uie Nrlihked sujgiar reisidues present only on tile Fc 
portion of the cpnstruats. Such dtendlne^ 

reducing the pbssible effects of linkage^ bn the bindlng properties of the constructs. 

IPII S] As previously alluded to, conipatlble.(ytotoxins nfiay comprise a prodrug. 
As usi^; her^lni the term ^prodrug" relers to a precursor or deriyative loirm of a 
pharmaceutitialiy abtive subs^ce that is less cybitoxb to tunribr cells bompgired tb 
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the parent dmg and is capable of being enj^atically activated or converted Into the 
more acfive parent fom. Prodn^s Gompatibte with the invention include, but are not 
limited to, phosphate-containing prodrngs^ thiophasphate-containing prodrugs, 
sul^te containing prodmgs, peptide containing prodnigsi fMacteim-contdlning 
prodrugs, optionally substituted phenoag^acetamlde^sxantalnlng pEodrugs ofq^^ 
sidjsfituted phenylacetaniideHE»nlaln1ng prodrugs, 5-fluoiiocytosln© and other 5- 
fluorouridind. prodmgs that can be converted to the moiB apfive;Oytotoxic free dmg. 
Furtherexamples of cyiDtoxIe drugs tftatean be denv^tizsd irtto a prodnjg fiarmfor 
ves^ In &m pre^t invenfion comprise fliose chemotiierapeuGo agents described 
above. 

iPii^ Among other cytotoxins, it wiirbesippreiifatgd 

assqdat^ wifiiaf biptoxtn suc^ tissin sxibunit At abiln.diptheria toxin, botulitium, 

cyangMns, sMt^^ shyatpx|h, te^husi l^dbtbidiii^ td^ 

venrucioffogen qraioxic en^^rnie^. Preferably, such consirucis wftbti rndde Using 

geh^ enginetdngltephi^ ej^tr^ssbh Qf?#^ 

construct Other biQlogical response rnodifiers tiiat may be assodaled vs4th the 

mpdifi^ ahtibdd|e^ inyeiition comprise cyfokines such as 

lymphokiiiesand ihterfsrons. Inview of ttte ihstent disdosure it is submitte^^ that one 

staled in the art could iisadilyfoitfi sucih cphstrudls using cdnyentldnEri technique 

[0117] AnbtherclE^ of c^mp^lilibicyteftEK^ used in conjuridtlon v\^h 

the disddsed antibodies are riadidsensifizing drugs tfmt may be effectively diifede^ 
tunrior or imniunpreiactiye cells. Sbdi drugs ehhaiice the isehsltivity to ionii£lng 
radiation , thereby Increasing the efficacy of radlotherajsy. An antibody fcbnjugate 
internalfeed by the tumor cell would deliver the radlosensitizer nearer the hucleus 
where riadiosensiflzation would be miaximal. The unbound radiosensitizerUhked 
modified antibodies would be cleared quickly from the blood, localizing the remaining 
radiosensitization agent in the target tumor and providing minimal uptake in normal 
tissues. After rapid clearance from the blood, adjiind radiotherapy would be 
adminii^ned in , one of threp ways; 1.) ^<temalb^am radiation directed specificajty to 
the luriTbr, 2.) radioactivity directly Implanted !h the ttitfior or 3.) eystemic 
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radioimmunoSierapy v#i the same targeting antibody. A potentially attractive 
van'^tion ofth^ approach wduid be the attachmem 6^^ rsidioi^totse ta 

this mdipsenslS^ed tmmiUnocxinjijgate,^^^^ proving the cbriVeniehpe of 
administering to the patient a single dmg. 

[01181 Whether of not the disclosed antibodies are used in a conjugated or 
unconjugated form, ft will be appreciated that a major advantage of the present 
iriventibin Is the ability to use these constmcts in myelbsuppressed patients, 
est:»eoiany those who are undbrgoihg, pr have undeigpne, acguncl fherap^^ suph as 
radiotherapy or cherhetherajp^; That^ the behefidal delivery frofne (l.e^ relatively 
shorii $eixim Jdvyelt high bcncfing affinity and enhaneecl tqpalMlQn^:Qf fire 
antibodies makes them particularly useful fortreatin^ paftients tiiat have reduced red 
marrow reserves and are sensitive ia: myelotpxjkHiy. Itr this regard; the unique 
delivery prtrfiie of the arttibodies make them veiy effective ibr the^^ 
radiolabeled ponjugates tp myelbsuppressed rari^^^^ As such, the modified 

antibodies are u^fiii in a conjugated or unco)iju|afed fomi in pafa'erits that have 
previpusly undergone ^djurict therapies such as ejdernal beam radiahon or 
chemotherapy. In otherprefeited embodiments, the antibodies (again in a 
conjugated or unconjugated form) maybe used in a combined therapeutic regimen 
with chemotherapeut'c agents. Those sl<illed in the artwill appreciate that such 
therapeutic regimens may comprise the sequential, simuitaneous, concurrent or 
coextensive adminisfrsition of the disclosed antibodies and one or more 
chemotherapeutic agents. Partidulairly preferred embodimehts of this as jsect of the 
invention will comprise the administration of a radiolabeled antibody. 

[pi 19] While the antibodies of the invention may be administered as described 

immediateiy above, it must be emphasized that in other embodiments conjugated 

and unoonjugated antlhodi^ may be administered to othenwise healthy patients as a 

first line tjierepeutic agent Iri such eml3Qdirnen|s the enli^ 

administered to patiente Having rtomfial or average red marrow nseerves iand/Qr to 

petleri^that h^Ve noti arid |ire net, uhdeiigdng adjtihctthefa^^ 

beam raidiayon or chemotherapy. 



47 



WO02W7!?255 



[0120] However, as discussed above, selected embodiments of the invention 
comprise the administration of antibodies to myelosuppressed patients or in 
Mrtbinttion or ponjundipn 

dr chernotHerapY O-e. a pbmbiriid therapeutic ireglitieri). As useti herein, the 
adminMrattpn of an%»Qdles lh;icpnjunc(ion or corhbinaHon vvith an adjMnct therapy 
meais the seqM6ritfari sfmufeitepijs, or 
pontemporanepus admirti^rati^i^ 

dhtibodles. Those sidiied in the art will appreciate that the administrafion or 
appncation of the various components.of the 

timed to enhance the overall effectiveness of the treatn6nt. For example, 
chemotherapeutfc agents could be adminljStaredi in stianddrdi well known courses df 
treatment followed within a few weeks by fadioimrttunocjorijugates of the present 
invention. Conversely, cytotoxin associated antibodies could be administered 
intravenously followed by tumor localized external beain raiiiatipn, In yet other 
aTib!odim?ntSji the anfifpcfy 

sBtedsd ch6motheraR0uii^^^ artisan (e.g. an 

stpeTienoed oniKsiaglsO^^^ be readily be ablisf to disc@rti effbctiye combined 
fterapMitc regiiirteDS 1^ 

fiierapy and the teachings Of the instant specification. 

[0121] In this regard it will be appreciated that the combination of the antibody 

(with or without cytotoxin) and the chemotherapeutic agent may be administered in 

any order and wrthih any time frame that provides a therapeutics benefit to the 

ijatient. Th^t is^ttiechemotherapeuS^ 

any order or epncyrrent^. In selected embodiments the ar^^ 

ihvehtiohwillbeadiii^^^^^ 

ch^ra^Kerapy. In yet dtherjBmbsidimentsi te 

treatment will be adrninistered substantially simultaneously or cioncurrently. Far 
example, the patient may be given the modified antibody while undergoing a course 
of chemotherapy. In prefen-ed embcxJimentsthe modified antibody will be 
adrrtinistered within 1 year of any chemotherapeutic agent or treatment. In other 
preferred embodimente the anfibcdy Will be administered Within 1 0, 8, 6, 4, or 2 
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months Of any chemptierapeuUc agent or tieatment In still other preferred 
embodiments the anttoody wiH b6adminlslBfed Witfiin4, 3i2 br 1 weeikof any 
(^emotheii8ipeuti& agent or t^tment lin yet otiier embodinienfe ihe aniibody w^il te 
administered within 5^ 4, 3, 2 ori daj^ oflhe seiat^ 
treatment It win further be appreciaf^i that the two agents cr;^ 
ai^inisteceid tb the 
simuftarieovis^). 

iOiiiti^i l\dpreoy^, in accordance wjOt iiiie pres^ hyerrtiqn a myelosupptes^ 
patiem shall tiei heTdtb rheari a^ paiept exhibittng lOKered blood counts, Thtiise 
skilled in thw art will appr©cfe|e thatthete:w€ !^^^ l)|oQd count Rarameteis 
conventionally usi^ as dthTdal ihdiCEritprs of nriy^losippr^pn and onel (^easily 
measure the eidl^ wiliich njy^slbSMppreslon is ixacuiring In a patient &tamplesiof 
art acdspted riiiiyel6Supptessfen measuremi&nts aife the Abskiiu^ Count 
(ANG) or platslet ccpit Suoh myek^uppressipn or parfial myesloaijlatipnjnay be a 
ri^ult of various bioch^mlby disoiiciers or cOs^ses oTi rnii>ie iil«eiyi ias the ffi^ult df 
prior chemoiherapy or radiotherapy. In this respect, those stcllled in the ait Will 
appreciate that patients who hiave undepgone traditional ehemotherapy typically 
exhit>it reduced red marrow reserves. As discussed above, such subjects often 
cannot be treated using optimal levels of cytotoxin (i.e. radionuciid^s} due to 
unacceptable side effed^ such as anemia or immunosuppr^ipn that result In 
inoreased mortality OF itjpjtidityi 

[0123] More^eGificaily Gpijugiated orunconjagated arirtlbodies df ^ 
Invention may be used to effectively treat patients having ANGs lower than about 
2000/rtim^ or platelet counts Ipw^r than about 1 50,000/ mm^ IWore preferably tlie 
antibodies of the present invention may be used to treat patients having ANCs of 
less than about 1 500/ nitYT^ less than about 1000/mm' or even more pMerably less 
than abogtSOO/ m#. Similarly, the antibodi^ ofthe present invention may be used 
to treat patients having a platelet icount of less tiftan about 75,000/mm-, i<5ss than 
about 50.00p/mm' breyen less than about 10,00q/mm^ In a more general sense, 
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those skilled in the art will easily be able to determine when a patient is 
hij^lp^ujppri^isd u^big gpviFnlTiibrit im^ pro(»c|Mrs3: 

[0124] As liidiciEited abpvSi many myelpsu^press^ piaQ^nts have undeF^^ 
courses of treatment including chernotiiieFapy^ implant radiotherapy or external beam 
radloHierapy. In the case of the fatter, an external radiation source is for local 
irradia^on of a malighaney. For radiotherapy implantation methods, radioactive 
reagents are surgically located within the malignancy, thereby selectively irradiating 
the site of the disease. In any eventj the disdosed antlbbdiesi may be used to treat 
disorders in patients exhibiting myelosuppressipn regardless of the cause. 

[0125] In this regard it will further be appredated jttiat the antibodies of the 
instant invention may be used in conjunction or combination with any 
chemotherapeutic agent or agents (e.g. to provide a combined therapeutic 
regimen) that eliminates, reduces, inhibits or controls the growth of neoplastic cells 
in vivo. As discussed, such agents often result in the reduction of red marrow 
reserves. This reduction may be offset, In whole or In part, by the diminished 
myelotoxicity of the compounds of the present invention that advantageously allow 
forttiB ^gresslve treatment Of neoplasms in such pdtients. In other preferred 
embodiments the radiolabeled immunoGonjugates disclosed herein may be 
effei^iVeily used wnth radiosehs^izers thai increase^^f^^ susceptfbill^bf the 
neoplastic cells to radionuclides. For example, radiosensitiidng compourtds may 
be administered after the radiolabeled modified antibody has been largely cleared 
firom the bloodstream but still remains at ther^peutf<»ify effective iatfeis at the site 
Of the tumor or tumors. 

IPIZS] With respect to these aspects of the invention; exemplary chemdtherapic 
agents that are compatible with the instant inverttlon include all^lafing assents, 
vinca alkaloids (e.g.. vincilsfine'and vinblastine), procarba^ne, methotrexate and 
prednisone^ The iour-dmg combination MOPI> (mechlelhamlne (nibtsgen 
mustard), vincristine (Oncovin), pnacarbazlne and prednisone) is very effective in 
treating various types of i;^phoma and comprises a preferred embodiment of the 
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present invention. In MOPP-resistant patiente, ABVD ie.g., adriamycin. bleomycin, 
vinblastihB anajdaMfbaa'ne)^^ ehi^ 

pirednispne), (Sii^SS (l(MTiuMiiie> and atpepfozoiocin), JiiipPP 

plug ABVD, MOPP plW ABV (doxcirabicbi, blebmyein and vihblastine}w 
(baiNiitustlht, #elbph^^ pipcaittadne arid piBdhl^Qnc!) 

combinations can b6 uised. Awdd S. Freeditian and l^e i^/isiadigf; Mal^tii 
Lymf^mas, in Harrison's PRlNelPK§OT ^^rriR^«VLMEPlC!NE 1774*1788 <Kurt J. 
isselbacherefaA,eds;. 13**y. 199#andV:Ti D^VStaefa/:, (199^ andthe 
references cited therein for standard dosing and scheduling. These therapies can 
be us^d unehahged, or altered nMded fd^^^^^ in comfainatidri 

with pna oFinpre modiflad an^&odies as descrfbed herein. 

|p!t27^ Additjonar reglmeivslhat are useful bi the context of the present; invention 
Indudeuise M single allqptatlhg^^^^ 

orcombinatronssudiasiCVP prednisone). 
CHOP (CVP and doxorubicin), C-MOPP (cycldphbsphamide, vincristine, prednisone 
and procarbazine), CAP-BOP (CHOP plus procarbazine and bleomydn), m-BACOD 
(CHOP plus methotrexate, bleomycin and leucovorin), ProlWACE-MOPP 
(prednisone, methotrexate, doxoaibidn, cyclophosphamide, etoposide and 
leucovorin plus standard MOPP), ProMACE-CytaBOM (prednisone, doxombicin, 
cyclophosphamide, etoposide, carabine, bleomycin, vincristine, methotrexate and 
leucovorin) and MACOP-B (methotrexate, doxorubicin, cyclophosphamide, 
vinedstinei fixed dose prednisone, bleomycin and leucovorin). Those sWIIed in the 
art will readily be able to det^ine standard dosages and scheduling for eadi of 
these regimens. CHOP has also been conntHried wi^ 
procarbazine. nilTci£|dh mustatd« eytbsine airsibinbsidd and letoposide. Offteir 
CQitipa^le chemotherBpeufic argents Include^ but are not limited to, 2- 
chlorodeoxyadenosine (2tGDA), S'-^eoxycofonnycin and fludarabine. 

[0128] For patients With IritfemiediatB- and high-grade NHL, who fail to achieve 
remissHon or relapse, salvage thotipy is used. Salvage fherapiea employ dmgs 
such a$ cytosine arabinoside, eisplatin, etoposide and ifbsfiaiinide given alone or in 
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combination. In relapsed or aggressive forms of certain neoplastic disorders the 
Mqwii^ protocols are often i»ed: IWVP-;i6 (HbsfemSde, methotrexate and 
etoppsicfe), MIME (methyl-gag, ifbsiamide, methotrexate and etoposide), DHAP 
(dej^Ffiethasorie, high dese<9/tareibrrie and ^d^^ 
me%|predisQlqne/HDcyliarabine, clsplaifrt), GEPP(EO (cyctophosphamid^, 
etoposfde, procarbazine, prednfeone and bleomycrn) and GAMP (loraustlilfe, 
mttoxantrone, cytambine and prednisone} eai^ vtTit^ known dosing rab^ and 
schedules: 

10129} The amount tif ch^otherapeutic s^eriilib be used Jh oombinaiibn with 
tfte antibodies of fhe jrvM^ n«v yaiy by subiaiPt or may be adWinisje^rJ, 

siccigrdlhg tb what is kncnivn Irii the art See fbr^trfple, Bruc^A Gtiabh^ efaAi 

THEfiAPEUtics 12334287 ((Joel G. Haidhian ef a/., eds., 9* adv 1996). 

[0130] As previously discussed, the antibodies pf the present invention, 
immunoreaetive fragments or racombinants thejeof may be administered in a 
pliarmaceuticaily ^fedtiVa arnountfbr the in v#c>treai]tieiit ctf iriahirhaiian 
disprders. In this regard, it vyW be apprsciated that tiie disclosed antlbddids will be 
fomiulafed so as to ^cilitate^drtifnistratipn ahd pirQrtlQta stal^llit^ Pf the ad 
agant Prel^mb^, phamiacauticai qompQsjjtions in aecordaric^ vvith the present 
Invpn^pft epmi^iisea ph^rmao^ non-to)*^ 
as physiologlcgl saline, norj^oxipbuffersi preservraavesand the ifkP- Per the 
purposes of the instant application, a phanmaceiitically effecb've amount of the 
antibody, immunoreaetive fragment or recombinant thar^f, conjugated or 
unconjugated to a therapeutic agertt, shall be held to ftiean an amount Sufficient to 
achfeve effective binding with selected immunoreaetive antigens: on neoplastic or 
immunoreaetive cells and provide for an increase in the death bf those cells. Of 
MiJre&^the pharmaceutipal compositions pf the presant InvenliDn maybe 
admiittsfdrsd in single or muHfple doses to provide for a pham^abeutlbally efEedtiv 
arnourtti of the antibody. 



52 



wo 02/079255 



FCXmaJMOlM 



[0131] More specifically, they the disclosed antibodies and methods should be 
useful for reducing tumor sfee. inhibiting tumor growth and/or prolonging the 
survival time of tuniorTbearing animals. Accordingly, this invention also relates to a 
method of tfeatirig taimoris: ih a^h or other animal by administering to such 
hun)an or aninrial ah effecQv&. non-toxic amount of antibody. One skilled In the art 
Would be able, by routine e>?>erimentiatlon, to deteranine what an effective, non- 
toxic amount of antibody wpulcl be for the purpose of trigating malignancies. For 
example, a thenapeuijcsi|]y active amount of a antibody may vary according to 
faiitpf&pc^ jas (<^, I versus stage N), aQe, ssex, medl6al 

compiicafions [e.g., Immunosuppressed conditions or diseases) and weight of the 
subject, and the ability of the antibody to elicit a desired response in ttie subject 
The dosage regimen may be adjusted to provide the optimum therapeutic 
response. For example, several divided doses may be administered daily, or the 
dose may be proportionally reduced as indicated by the exigencies of the 
therapeutic situation. Generally, however, an effective dosage is expected to be in 
the range of about 0.05 to 100 milligrams per kllogrgm bjdy weight per day and 
•more preferably from about 0.5 to 10, milligrams per kijogram body weight per daiy. 

[0132] For purposes of clarification "Mammal" refers to any animal classified as a 
mammal, including humans, domestic and farm animals, and zoo, sports, or pet 
animals, such as dogs, horses, cats, cows, efc. Preferably, the mammal is human. 

pi3^ 'Tnsatmenf refers tobpth tti^iapeutic treatraentand prophyl^ 
pmveritatn/e mieasEires. Those in need i^tinsatmehf lhdude those already 
disease or disorder as well as tiiqse in which the disease or disorder Is to be 
prevented. Hence, the mammal may have baen diagnosed ais having the disease or 
disorder or may be predisposed or susceptible to the disease. 

IP134] in keeping with the scope of the present disclosure, ttie antibodies of the 
irivehfisn may be adnlfntster^d to a human or other animal in acfcordance with ffie 
aforementioned mettipds of treatment in an amount sufficient to proclijice such 
effect to a therapeutic or prophylactic degree. The antibodies of the invention can 
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be adrnimstered to such human or other janimal to a conventtonaf dosage form 
pr^jsared by combining the antibody of the invention with a conventional 
phannaceufically aqcBptable carrier or diluent a?seording to iaipwn techniques. It 
will be racoghized by brie of skill in this art thaitbe fotrp and character of tiie 
phgrmaceufically aeqeptable garner or diluent is dIcJafed by the anrount of acilve 
Ihgiiedleht with vuhid) it is to be cdrntliiriied: ttie route isf adm and laitHer 

wstt-^nown vai^tiies^^ those stciiied in the aMI Merap^^ mM0 
comprising one orilribre 
may prove toi betpafficufarly effeptiye. 

EPt$5] l\flethpds of preparing and admlnistering .w^^ 
irrirriunpreaetive fragmetits or tecornbinan^ and a therapeutic ^gent are 

well Ithown to ($r readily detefitijned by those skilled the art. The route of 
adrnint^atioh of the antibody (pr fifagnlehitti^mof) 6f thalnveritiqn maybe oral, 
parenteral, by InhalatiDn cnt topical. The temri parenteral as u^ed: her^'n Includes 
|r)travejfi0i«sf, Ihtraarfej^^ intraperito^al. ih&ami^c^lair, jstrbc^fanebus, red^ br 
vaginal administration. The intravenous, intraarteiial, subcutaneous and 
intramuscular forms of parenteral administration are generally preferred. While all 
these forms of administration are clearly contemplated as being within the scope Of 
the invention, a preferred administration form would be a solution for injection, in 
particular for Intravenous or intraarterial injection or drip. Usually, a suitable 
phannaceutical composition for injection may comprise a buffer {e.g. acetate, 
phosphate or citrate buffer}, a sur^ctant (e,g. polysorbate), optionaliy a stabilizer 
agent (ag. hurnian albdmine),; efc. Hi^ver, in other methods compafibie with the 
teachings hprein, the anltbodifs can 
cellular pppulaticr) thereby in<a%asing 
thengpeuffc agent. 

Ep13$] Preparations for parenteral administration includes sterile aqueous or 
nori-aqueous solutions, suspensions, and emtrlsions. Eicarnpies of non-aqueous 
solvents are propylene glycol, polyefl>ylene glycol, vegeteible oils such as olive oil, 
and injectable brgahic esteris such as ethyl oteatis. Aqueous Cairfers include water. 
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alqoholic/aquepqs solutions, emulsions or suspensions, fnGluding saline and 
buffered media. In the subli|^ pliarrnaceutic^Py acceptable ciirriers 

include, but are; not limited 6.Qi^Ai/l and preferably O dSM phosph^^ 
0.8%8alihei Other cbitinrKJnparejitetaLw^ pho^hate 
sqlytlQns, Ringer's cJextrase, dadrose and solium qhloride, lactatetf Ringer's, or 
fixed oils. Ihtnavenous vehicle ihcIUdefTuid and hutryht replerasheis, el^cErolyte 
repiesrijsher$„J5Mch as iBiose lapsed on Ringer's desctpc^fe, and the (ik^, 
Piesisi^ratives ahd^ (^^^ iinigy also bib present such as for ejeample, 

antimiraxibtals, aritip9^idants/cbel9ting pnd inert ga$@s and ttie like. 

[01373 More partieularty, phannat^utbal cpnappsrtlort^ suitable for injeotabie use 
idc|ud0 st^Hi!:kiMiepi«^;50^^ or d^pei^n&W startle 

powders for ;the extejiipQra^ J;K&[m?maq^^^^ soMfents or 

dispei^oris. Jri sUch ^^s, McK>rirv>t>sitioh mtist be steiileand should be flu^^^ to 
fli# eictent that ^asysyrintgabiiy exists. 11 shoufd bcr «l^ble under ^e {Manditlbns: of 
mahufaotui^and stbr^^^ and willf«r^ferabl|/Jbe pi^ni^tsigainst th& 
contaminatlnig action of microorganisms, such as bacteria and fungi, the carrier 
can be a solvent of dlspersioh medfum containing, for example, watar, ethahbl, 
polyol {e.g., giycerol, propylene glycol, and liquid polyethylene glycol, and the like), 
and suitable mixtures thereof. The proper fluidity can be maintained, for example, 
by the use of a coating such as lecithin, by the maintenance of the required 
pajrl^Gle siza in the cp^e of dlspi^mion and by thiei use of siiri^c^nfe. 

fciisaf] Prevention of fee action of miGrborganlsms can be achieved by various 
anb^acterial and antiftihgal agents, for example, parabens, ohlorobutanoi, phendl, 
ascorbic acid, thimerosa! and the like. In many cases, it will be preferable to 
include isotonic agents, for example, sugars, polyalcohois, such as mannitol, 
sorbitol, or sodium chloride In the composition. Prolonged absorption Of the 
injectable compositions can be brought about by including In the composition an 
agent which delays absorption, for Sample, aluminum monostearate arid gelatin. 
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[0139] In any case, sterile Injectable solutions can be prepared by incorporating 
an active compound (e.g., a ahtibbdy by itself or in conibksttibn vinth other adt^^^ 
agents) in the required amount in ao approprt^ 

of ihgredients enumerated herein^ as requrmd; itelldwed by fitt^ii^ stgrilfzation. 
G werally, dispersiqire ^?ra prepared by lnc»rporatf hg the scfin/e comj?pund info a 
sterile vfehicfei Whidii eonta ai basic; dispeisiofi fnediunri and the recjalifed other 
ingredi^s frpm thpse eriume In the case of sl^rile povvdersfor the 

prejaarallbn stenlig loieGtabfe BOfufiohs. the preferred methods of preparafion are 
vacuurn drying and fireeze-drying, which yields a powder of an active ingredient 
plus any additional desired ingredient fnath ia previously sterile-filtered soiutton 
tiiereof. The preparations for injections are processed, filled Into containers such 
as ampoules, bags, bottles, syringes or vials, and sealed under aseptic conditions 
according to methods known !n the art. Further, the preparations may be 
paelwiged and sold in the form of a Kit such as those described In copending 
U.S.SM. p9am,m mdt 0,3,S:U.0Q/^^Q-3m^^ of \^^ 
h^in by retisFenoe. Such aftides o^itianu^cture will preferabty^^ or 
paci^!? inserts Indicating iJrat ^ 

a subject suffering from, or predisposed t6 autoimmune, or nebptestic disordetis. 

[0140] As discussed in detail above, preferred embodiments 6f the present 
invention provide compounds, composttrons; kits and methods for the treatment of 
neoplastic disorders in a mammalian sobjeia in need of trfeatrneht thereof. 
Preferably, the aubiect is a human. Tlie neppiastic disorder (e.g., cancers and 
mar^nanbies) may comprise solid turnbrs sudi as melanomas^ gliomas, saroomas, 
and carcihbiTias as w^il my^^^ pir hemafoii^rc rnalignancles sMdti as 
lymphomas and leiukemlas. : in general, the disclosed inventiPn be used td 
prophylactic^lly or theraipeutitally treat any heopiasni comprising an antigenic 
markerthat allows for the targeflng of the cancerous cells by the mbdifled 
antibody. Exemplary cancers that maybe treated include, but are not limited to, 
prostate, gastric carcinomas such as colon, skin, breast, ovarian, lung and 
pancreatic. More particularly, the antilradies of the instant invention may be used 
to treat Kaposi's sarcoma, CMS neoplasms (capiilaiy bemangioblastomas, 
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meningiomas and cerebral metastases), melanoma, gastrointestinal and renal 
^rcpmas, itiabdbr^^ 

leiomyosarcQma, ret!n£>b)la$toma, papillary cystadenoqartslnoma of the ovary. 
WilnrS's tumor dtsnfiaji cell IM^^^ will be aptprecl^tiBd that appfmpHate 

anfifaedies may be derived teri^ 

fi>il|t>inij nebplasiti&Mithout yrid^ in M'ew pf the intsfefnt 

disciosiire, 

|B1413 Exemplary hematologic malignancies that are amenable to treatrnent wfth 
the disclosed invention include Hodgklns and non-Hodgto'ris iynjiphpma as well as 
I$uk0mias, includlnjgAU-U^^^ 

(CLL) and nribjrip(^d#irieukeinla$. Itv^iflbefip^F^^tbdlhsittte c^^ and 
me^ckis of the pinesierttJhvenflon a^^^^ 

6e8 (ymphonffeis. Includirig lefW^rade/ fbit!!^ hpri-Hodgkln's lymphoma: <NHL), cell 
lymphoma (FCC), mantle celll^phoma (jMCL). dfffUse larigecell lymphoma (PLGt), 
small lymphocytic (SL) NHL, Intetinedl^te grad#follicular NHL, Intemiediate grade 
drffttse NHL, high grade {mmunoblastiC NHL, high grade l)miphoblastic NHL, htgh 
grade sinall fiprt-cl^Ved cfen NHL. bulimy disease NHL and Waldenstroni's 
Macrogiobulinemia. It should be clear to those of skill in the art that these 
lymphomas will often have different names due to changing systems of 
classification, and that patients having lymphpmas classified under different names 
may also benefit from the combined then^eutic regimens of the present invention. 
In addition to the aforementipned neoplastic dlsprders, it will be appreciated that the 
disdosed irrronfiph may advantageous^ be used to lieat additional malignaiicres 
bearing compatible tornbr assopat^ antfgens; 

[01421 Besides neoplastic disorders, the antibodies of the instant invention are 
particularly effective in the treatment of autoimmune disorders or abnormal immune 
responses. In this regard , it will tje appreciated that the antibodies may be used to 
Gontrol, suppress, modulate or elimihafe unwanted immune resjpfons® to both 
external and aulpantigens. For example, In one ernl)odiment the antigen is an 
autoantlgen. Irt ariotiier embc>dimehfi the antigen is an allergan. In yet other 
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emtKadlments, the antigen is an alloantigen or xenpantigen. Use of ti?e disclosed 
iaritibodies to reduce an immune response lo alloantigens and xeshoantigens i^ of 
particular use In transplantatipni, f3F ^mple to inh 
recipient of ar donor grafti &^ dr drgan graft dF bibne mamMvfiiaFisplant 

Addffionally, suppression ^r eiimlnatii^n of donor T ceills withlri ^ bone marrow graft is 
useful fbr inhibiting graft versus host disease. 

[01 43] In yet other embodiments the antibodies of the present invention may be 
used to treat Immune disorders that include, but are not limited to, allergic 
bronchopulmonary aspergiilosisr All^i^^^^^ 
Acanthosis higribanis;Allei^iQ^conta0^^^^^ 

deitnsititis; /Mopecl^ AmylcMdosis; Anajnafladdid 

purpararAnapli^aCtaW rra^^ Apfasfe anemja; AnglciederTi?i, heredltety; 
Arigkiedernav idlopaifhic; Ani^ldsing s 
ArteriiBs,Takgyasu's^ArfBritis/fempor^^^ 

obphtjritis; Autoiftitiwhie orchitis; Au^^ MunEi,' Behbet^s 

disease; Bergefs disease; Buerger's disease; brond^i^; Bullous pemphigus; 
Gahdidiasis, chrorvic mucocutaneous; Caplan's syndrome; Pdst-myocaixlial infarction 
syndnqme; Post-perieardiotomy syndrome; Carditis; Celiac sprue; Chagas's disease; 
Chedial<-Higashi syndrome; Churg-Strauss disease; Cogan's syndrome; Cbld 
agglutinin disease; CREST syndrome; Crohn's disease; Cryoglobulinemia; 
Cryptogenic fibrosing alveolitis; Dermatitis herpefflbmis; Dermatomyositis; Diabetes 
mellitus; pianDond-Biackfan syndrome; DiGeoigie syndrome; Discoid lupus 
erythematosus^Eb&ihbphtlfclasdttis- Episcleritk; Diythema eievafum diutinum; 
Eryhenia njjsiFginaturn; Erythema muHifbifne; Ciythema nbdosuiri; Familial 
Wleditetrah^n fever; Feit/s syndrome; Flbrcsis pulmonary; Glomeruldnephrttis, 
anaphylaotbld; GlomeFulpniaphrib's, autQimmtihe; Giom^rtilpriephrffls, ixa$t- 
strtepfo^ccal; Gtom^ruibnephritls, post-transplantatjon; :6ibtnerulopattiyj 
membr^ous;Gbodpasturi^''s syndrome; Grahulocytbperila. lmmuhe-mediat<ed; 
Granuloma annulare; Granulomatosis. aUeigte Granulomatous myositis; Grave's 
disease; Hashimoto's thyroiditts; Hemoli^b diiseasis of the newborn; 
Hemochromatosis, idippaaiiic; Henoc^phbenleiri piifpura; Hepatitis, chronic ac^ve 
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and Ghrpnic progressive; Histiocgrtosis X; Hyperetrainophnic ^drome; Idjppathic 
fhrombpcyto^^riit: purif>uia; Job^s synditime^ Jiivenilederriniatomydsitis; Juvenile 
rheumatoid arthriti? (JuvenOe chipnjp^^rfhi#s)r Kawasaki's disease; Keratitis; 
KerafbcDhJunctivltis /siccarl^^ syndrsme; Leprosy, ]epn>ma^ 

tpus; UpefHer^s syridtome; lupus; Lyejl's syndrome^ Lyrn$^^ jUyrhjsliatn^id 
gmnuk>mafosis; Masbi^ 
Mpnoneuriiis rnultipIeK Muciide^ 

s]^drame;Mucocufiahepu8lymplinodesyndrpm^^^ Mutficerttnc reticuIohidlTocytPsis; 
MmIIpIb sclerpsjs; Myasthenia gravis; Niyro^^ Nediolteing vasculitis, 

sysSeniiG; Nephrotic syridronrie^bveHap i^hdnarie; Panniculitis; Parbxysmal cold 
hemoglobinuria; Paroxysmal npctumal hemp^obinuria; Pemphigoid; Pemphigus; 
Pempliigus erythematosus; PethphigUsfPliaGeUs; Pemphigus vulgariis; Pigeon 
breeder's disease; Pneumonitis, hypersensitivity; Polyarteritis nodosa; Polymyalgia 
rheumatic; Polymyositis; Polyneuritis* idibpathi*^ Portuguese familial pblyneuropar 
thies; Pre-eclampsia/eclampsia; Primary biliary cirrhosis; Progressive ^stemlo 
scHeirosi^ (Scierbderrna); Psoriasis; Pspriatic arthritis; Puimbnary alveolar proteinosis; 
Pulmonary fi&rpsis.i^ynaud'ephenpmenon/syM^^ 
syridronie, Rerapsirrg poiychttindriiiis; Rheumat'c ^et; Bheumatbid arthritis; 
Sarcpidpsis; :$ti{eriti$; St^rasins cholangitis; S^miti slckhess; ^^ry syrtttrpme; 
S^igren^ syndFortie; Stevehs-Jphnsoh sfyndrome; Stai'sdisea^^Subacut^ 
sclerpsihg panencephalitis; Sympathetic ophthalmia; Systernic lupius erytiierhiatosus; 
Transplant rejection; Ulcerative colitis; Undifferentiated connective tissue disease; 
Urticaria, chronic; Urticaria, bold; Uveitis; Vitiligo; Weber-Christian disease; 
Wegenei's gianulornatbgis and Wiskott^dHch syntimnjs. 

1101441 The fbregbing desciiptlbn will be more ftilly undiarstood with r^rencs to 
the folipwring examples. Such exarnples, are^ however, demoiijstrafive of prefemed 
methods pf pfabfidhg the pi^iaefit inveiiiipii and are not limitlng of the scope; ef the 
iliverition or the claims appended hereto; 
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Bxample 

MATERIALS AND METHODS 
GelUines 

[0145] A recombinant CHO production ceil (50C9} expressing the ant]-CD20 
chimeric antibody Rituxan®was used in co-expresston studies with rat GnTIII. A 
CHO cell line constructed in pur laboratory ©(pressing membrane bound FcyRi arid 
a mouse fibroblast cell line expressing FcyRlla (ref) were used in whole cell 
binding studies. Sorted NK ceHs were obtained from AilCells Inq. SKVW.4 (Ralph 
et al. 1983) cells, a cell line grossing CD2Q was used as a target in ADCC 
activity assays. 

Establishment of GnTI)l/Anti-CD20 cell lines 

101401 An anti-CD20 production cell line (j50C9) was electroporated wrOi the 
vector pCIPGnT3 harboring the rat GnTIII gerie a under a coristttutiw GMV 
promoter arid a puromydin resistance gene (F^iire 1). Apppffijdmateiy 0.2-1 ^g of 
DMA was electroporated with 4x10* cells using a Qiorad elecroporation devic^. 
The plasmid wa& pirevfously d'^ested with Rw/I and BsH 1071 (New England 
BiOlabs) vi^ich separate the genes expi^ 

to propagate; the plasmtd in bacteria; CondHiohsfoFthe eledrbpoiratlon vvere 
21PV, 400jiF, 13a). Each electroporation was plated Into d6 well plates and fed 
with CHO SfMII media (GIbco BRL), 50nM MTX and 5 pg/mL puromycin 
(Invitrogen) after 2 days and eyeiy 2-3 days until puromycin resistant colonies 
arose. Resistant colonies were moved up to 6 well plates and then T25 flasks. 
GnTIII message RNA levels in puromycin resistant colonies were then quantitated 
using the relative QPCR kit (Amblon). Briefly, mRNA was prepared from 1x10^ 
cells using the RNEASY mlnlpirep Wt (Qiagen) and reyw^etra^ oligo dt 

and the cONA Cycle(S> RT PGR kit, cDNA wad then used: as a template in a relative 
QPCR with GnTIII specific primers and 1 8s RNA primers were used to amplify the 
internal control. 
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tgG expression levels 

I0!t4fl : Expties^on ieveis from a f hi^e idiay run In 1Q0 mL spninerfteisks were 
calculated using an enzyme linkfed immunoadsorbant assay. IgG from cell line 
supernatants was captured vwSt arvtl-human IgG (Roche) coatpd onto micrpt'rtre 
plates and detected using anti^huniah IgG {Fab')2 horse radish peroxidase 
conjugate (Roche). A standard curve was produced using dilutions of purified 
rhohodonal lgGt Expression levels wetie thish cdhveirted td picdgram per cell p6r 
da/ (pcdj based upctti ELISA results and nieasiuifed viable cell densifa'es. 

Gtycosylation analysis 

10148j| Antibody samples (30Q {ig) were buff<ai- exdhariged into 20 mM, sod|um 
phosphate containing SO mM Epl7tan40.p2^^ eodjum azide, pH 7.5 u$iiig a 
Microca3fn-30 cpricentratbr. Five anitis of riBCombitiarit Peptide N^alyciteidase F 
(Glyko) were tfie samples and Uncidsated tor approjfimately 15 hows at; 

37*C. Foltowinjg th^ djgestloh, SO uL Of 20 mM ^ddiuhii phosphsrte, 50 iriM ED TA, 
OM%fyih) spdium azide, pH 7,0 was ^dded toeac^^mpla The dle^ 
glycessyiated prpfelns were predplfated by heating at 9S°0 for 5 minutes and 
removed by centrtfugatlon at 9,000 x g for 10 minutes. The SMpemataht contaW 
the released dli0osaccharide& were dried in a centdfugal Vacuum evaporator and 
labeled by the addition of 15 ^jL of 10 nfig/hiL 9-amiriopyrene-l ,4,e-tri5Ulfonate 
(APTS, Beckman) In 15% acetidadd and 6 ML of 1 M sodium cyanoborohydride in 
tetrahydrofuran. The labeling reacSpn was ihdubated at 5^^^^^^ appifo^dmately 2 
hours then diluted with 500 gL ef water. Samples were diluted 1:4 with acetonitrile 
prior to HPLC analysis, 

[0149] The PIMGAse released N-linked oligosaccharide's were analyzed by NP- 
HPLC. The method used a TosoHaas Amide-80 column (4.6 x 250 mM, 5 pm 
particle size, 900 A poresize) on a Beckman 126 HPLC system wilh Gold 
Nouveau software and a Jasco FP-920 fluorescence detector. The etuant system 
consisted of 04 % acetic acid in acetonitrile (Buffer A); 0.2% acetic acid, 0.2% 
triethylamine in water (Buffer B), at a flow rate of lb mL/min. The elufion profile 
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was mpnitored hy fluorescence detection with excitatipn at 488 nrn and emission 
at 520 nm. Tlie Golumn vyas equilibrated with 28% Buffer B and a sample (50 pL) 
of IgG N-Knked o^pssacsdtaMi^ was^^^ ^nd h^M for 15 minutes at 2i3% 
Buffer B^ The N-lihked bliQosacbharides wete resolved wKh a linear gradient frorn 
28% Suffer B to 3&% #rffer jB oyer 5ff minute to SdSi over i niiniilt^ and held for 
9 mittute8/tp28% BUfii^ B ih t rtiin^^^^ for 14 hriinufgs fbr ^uilifarafion 

prior tQ then^dt iryecfion. 

ADCC Activity Assay 

[0150] PeHpheral blood mohoiiuislear cells (PBMO) were separated from either 
heparlnized fresh human blood (orbuffy coat) by stan(}ar(| cenfrifugation 
procedures on Ficoll/Hypaque (Sigmai). Thie PBMC used as effector cells, were 
activated by culturing in 10%FBS in RPMI (Qibco. BRL)with 10 U/mLoflL-2 
(Roche) for overnight. SKW 6.4 cells were grown in log phase and re-suspended 
at4 x10^/mL after washed in assay medium (2% FBS in Phenol red-free RPMI 
medium). The target cells (SKW6.4) were added to the plate at 50 pL / well into 
96-wel! Flat-bottomed tissue culture plate. Aritibodies were serially diluted with 
assay medium, then added 50 pL / well to triplicate wells in the plate. The plates 
were incubated at room temperature for lO nriinutes prior to th^ additipn of 100 pL 
of PBMC effector cells at a concentration of 16 x 10^/mL The cell mixtures with 
antibodies were incubated at 37 'G for 4 hours iii a hurnld COZ Incubator. The 
supernatant of 1dO pL was removed from each well and anat^d by measuring 
LDH activity released from damaged target cells (LDH Cytotoxicity Detection Kit, 
Roche Molecular bipchemicals, Germany). The effector cells or / and target cells 
alone were also inciudied as controls. The specific lysis was cgilculated relative to 
a total lysis control, resulting from Incubating the.taiget ceils with lOOpL pf 2% 
Triton X-100. 

[01S1J For the ADCC blocking experiments the procedure was the same as 
outlined above except anti-PcyRIII (done LNK16, Serotec) orant'hFcyRI (plone 
10.1 serotec) at concentrations of 5 pg/mL were pre-incubated With the PBMC 
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effector cells for 20 minutes and washed twice wcth assay medium before use in 
Whole cell ELISA 

Xd152] FcyRI expressing CHQ cells; a mouse fibrolslast cell lin^ ej^priBssing 
FeyRila and sorted FcVRlH fiosiUve NK oeils wreire OTVatentlyiat^ 
miprotitre plate at 1«1 d^ c^ls per well usihg gluteraldehycte as a crossrllnlcer. 
AhtHacKly dilutions v^ire added to the plates in tripltoate In bidckihg buffer 
(phosphate Buffered Saline. C).S% dry mill? powder apd; 0,01% Thimered and left 
to bind at ST'^C for 1 hoar. Following a sevssral wast*EiS With PBS thfe bound 
antibpcly dete^teci using aniti-humain igiCi Fab fi^gniiaits cqnjqge^^ 
hdrse radish percftddase (Robhe) and Visualtzdd after addita'on of 
tetramethylbenadinie ($igma). Both ahtibQdie& are re to blpd( |g3 Fc 
binding tti^ the relevant receptor 

[0153] We conistructBd a Goni^utiVe expireissidn plasnrt^d fbrOnTIlii Th# plasmid 
pClPGnT3 (FigHre 1) containe tte rat Srif III gene under a 
promoter and bovine growth homione polyadenyjatibn region. The plaismid also 
contains a puromycin resitancQ gene, whidi allows selectlor^ purdniycin 
containing media. Following electrbpoisafion of the Rltu>ian® producing cell line 
(50C9) with the plasmid, puromycin resistant coipnies were obtained. We then 
employed a relative QPCR assay to detect message RNA levels in the resistant 
coldnies to decide which clones to study further. IWost of the clones isolated 
expressed high levels of GnTIII message and a few clones expressed at much 
lower levels. An example of a relative QPGR ffiicpenment fe shown in Figure 2. 
Ctotte 50C9-IA7 is an example of a clone which ex^jresses at a lower level whijst 
5pCSf-1 A1 2 and 5DC0^1 B9 are olones whii^ express at much Higher levgsfe. No 
GnTMl message was detected for tiie parent cell line (hot transf^cted With the 
pCIPGhTS plasmid) fhdic^tiii^^^^ cf endogenous GnTIII e>$resf»ion in 

this ceil line. 
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[0154] Three qlones were then chosen to study the in-vivo catalytip effeefs of 
OnTIH on the glycoforms of purified antibody by HPLG analysis. All three showed 
consicierable glycofonD variation when compare to iiie parent (50C9) ceti line. A 
lypicai HPLC tnatias for thie paii^hl and p^^ QnTlll trahsfs&tent c^ione is shown in 
Figure, 3. No bisected glycoferms were fbund fpr the 5^^^ celUine, Howpyer. fer 
fl^ GnTlU positve oeli Uhe th^ rnajoiity contain £t bisected 

GJcMac residue* A full set of faults jforthe^^^ Bnesareshpvwn In table 1. 
The da^ shdmthatlhere em^^s^^ 

GnTlil fjansfei^ed plones but fliat ;iw giycofdnri spepies 

f0und was a bisected biant^nary oligosaccharide with one galactose reisfdue 
(G1+G1gNAc), Only small amounts (3-5%) of bisected biantennary 
oligosdickiharide With two galactose residues were detected (G2-«-G1cNAc). 

[01551 We ajso stiidiedlfie: growth kinetlos-and pibduction levels in thie three 
Gnllll pbsitive oeu lines and conipared them with SOC^ vriiidi produces laiige 
arhpuhts of Imrhuni^globuiiri (ppd) and^^ kinetics (td). We 

found all ttiree cell lines to have very gdod expression levels of immunolglobulin. 
Furthermore. a|l three icell lines also have favorable growth klnefics and one clone 
{50G9-1A12) has growth kinetics (I.e. doubling time) very simiiar to the parent 
aritibody (Table II). The summary of data shown in Table II indicates no 
correlation between mRNA levels end GnTlil actlvl^ or doubling time in the cell 
lined. 

lOtSBJ The high mRNA levels and GnTIH aetjvi^ found in clone St«59-1A12 do 
not seeim to effect the growth kinistics or aritibody eJcptession levels. Thede results 
difFer from those published previously in Which the level of GriTIII eiqpression 
coirefated to growth inhibition. (Umanaet. al. 1999b). Two possible reasons are 
suggested for the growth inhibition effect. Either a direct effect of protein over^ 
expression leading to inhibition which is independent of the catalytic activity of 
GnTlil or a direct effect of the in-vivo catalpc activify of GnTlil on endogenous 
proteins. The previous work in this field has used glycotransferase co-expression 
In cell iihes expressing only small amounts of recornbtnanf protein. 
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Inq-eased ADGC cpirelates with increa^sed binding tp FcyRlll 

[OiiST] T%e anti-0D2Q antibody used In this study Is proved as a therapeulic 
agent in nbri-hbdgffins lymphoma and has bein shown td prodticd effective 
respdnses In approximately 50% of patients ttirough depletion of nonnai and 
malignant B ceils. The possible mebhanisms include bomplement dependant 
cytotoxii5ity (CbG), antibody dependant cellular cytotoxicity (ADGC) and induction 
of appptosts of CD20 positive cells dh binding of the antibody. The over- 
e)gjression of GnTlll has led to the isolation of clones with bisecting glycofomd 
hybrids Awhich ^re absent in the pareht These bisecting glycofonns have been 
implic^d jni^ie W«3h?gfca so «ie antibodies 

purified from the 50C3ifGhTill<^PhesVveFe s^ biold^idal 
adtivHy. No differejioes due tO Bpmplfiiment binding or apoptosls of jPPl^p pasitlye 
c^ls on aiTtib6dy bthdlhg were obsen^d for the glycisfor^ altei^d antibodies (data 
not shown), Hdwever, anfibodles pnsduced liy all ftiree Qnflll transected cell 
lines s'lUdliM were as effec^^ as aiiS^ 

Mling CD20 positive target pells but at a 10 to 20 times lower cpncentratidn. This 
agirees with results repbrted forthe over-expression of GnTlll in a cell line 
expressing an anti-neuroblastoma lgG.(Umana et. al. T999a) in the 
aforementioned report the glycofonns of an antibody with low ADCC activity were 
altered resulting in higher ADCC activity and making it more attractive fpr 
tfierapeutic U8€.(Umarfd et al. 19999) 

Hdm Vive have taken an appipved therapeutic an^ody ytfith gdPd ADCC 
ac^yity and imprpved It further- This may allpwthe use of the antibpdy at lower 
dpseis with no reduotibn in efficacy. Moreover, the higher ADGG activity at a tower 
antibody cpncentratipn may result in an enhanced response in lymphomas and 
leukemias expressing lower levels of the GD20 antigen. Certain forms of these 
diseases require high doses of the current drug to be effective. The work also 
suggests that other antibbdi^ deficient in the bisectirfg glyoiDforms may improve 
their in vivo cytolytic ftinotjen. 
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[01S93 VVe used an anti-FcYRIIl anfibady (reported Ip block Fe binding) to 
specifically block the FcyRIII receptors on NK cells and study the effect on ADCC 
activity. Blocking NK cells with the anii'-FcvRlH antibody abolished the AOCC 
activity^both 50G9 aihd S0G9r-1A7i Fijgiure SsKavistHe r^itsob^&i^^ 
50G9^1A7 antii»Kfy|}reparaitiQn. No lnhibfliipn of ADpC wsk^ observeid in an 
e}$ejrimen|l In which PBMp:%bns w&re piii&riheuli^ted Vvith^n sinttbody iagairiisl 
Fcyl^l vvhidli is reported to block Fc binding to the F^cyr^ cec^ptpc The^at^ 
suggest IJierBfof^ that FcyRI teceptbirs are hot [hvd^d in the ADCC adivfty of 
the S0C9^7 f ntibodfy preparaiStpn wrtii bisected bijarflennaiy oligos^pt^rldesi, 

[b1G(y) Using a vWioIe x^li ELISA, ihe^ b!nd|ngi:$haracteristjc$^ o^^ parent and 
the GnTHf positive done 50C9-i[A7 were evaluated. Antibodies from 50C9-1A7 
bound better to NK ceUs thmrairitlbddies prepa the paM SOCg (Figure 
S). The antibody also bound belter to FcyRI and FcyRil expresising cejlis (re^Ml^ 
not shown). However, the role of FcyRI in ADCC has been discounted in the 
prdvipusly described expeiriitient (Figure 5). The increase in ADCC activity is 
therefore most likely due to Increased binding of the antibody to FcyRIII on NK 
cells. Since no CD20 antigen was present in the ELISA, increaised binding due to 
better crossiinking of IgG can be ruled out. Presumably the increase In binding is 
due to conformational effects specified by the bisecting glycoform on the Fc 
strucsture of the antibody. Since the parent antibody already has good ADCC 
activity it probably has a near optimal confinmation for FcyRIII binding which is 
then 'fine tuned' by the addition of the bisecting GlcNAc in the N-linked 
bianntennary oligosaccharide structure. 

[0161] Table I. Results of glycoform analysis by HPLC. Samples were run as 
described In the text. The percentages of each species was calculated by peak 
areas. GO=Non bisected biantennary complex with no galactose residues. 
60+G1cNAc= Bisected bratennary complex with no Galactose GI^Non bisected 
biantennary complex with 1 galactose residue. G1+ GIcNAc= Bisected 
biantennary complex with 1 Galactose residue. G2=Non bisected biantennary 
complex with 2 galactose residues. G2+G1cNAc= Bisected biantennary complex 
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With 2 Galactose residues. StmctuiBS are ^own in F^ure 3. 
Table I Percentage of jantibody prepara^^^ 



Clone 


GO 


GO+GlcNAc 


G1 


G1+GlcNAc 


G2 


G2+GlcNAc 


5QG9- 
1A12 


8 


15 


15 


30 


4 


3 


S0C9-1A7 


5 


17 


11 


35 


4 


3 


50C9-1B9 


1 


20 


6 


46 


3 


5 


50e9 


42 


0 


47 


Q 


11 


Q 



[0162] Table 11. Summery of GnTIII clones. Td= Double time of clones in hours; 
Pcd>!{picpgrrn per cell pier day. Antibody expression levels measured by ELISA; 
?/(>GlcNAb^ percentage of antibody bHgosaccharide vnth bisected GlcNAc's 
determined by Ihs addrtion of GO+GldNAe, G1* GlcNAc and G2*GieNAo from 
table 1. GnTii! rnRNA= mRNA levels as measured by reilaiiye OPe 
[Ab>Ifbr50% iy8is= Antibody cpncentfatip^^ lys^ of farsjetcelfe \n&n 

ADCC assay. Kiieasairedfrprn exINPPlMlon from figure 4 Qn ng/mL) 
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Table II Summary of 50C9-GnTIII clones 



Clone 


Td (hrs) 


Pcd 


%GicNAc 


GnTHI mRNA 


EAbIfer50% 

tysfe 
(og.mr!) 


50C9- 
1Ai2 


27 


72 


48 


High 


3 


50G9-1A7 


45 


90 


55 


low 


1.5 


50C9-1B9 


40 


102 


71 


High 


4 


50C9 


24 


75 


Q 


None . 


35 



[0163] Those skilled In the art will ftjrther appreciate that the present invention 
may be embodied in other speciflc forms w tha spirit or central 

attiibutes thereof; In th^ tielqi^gi^ng description of the pr^ent inVentiprv 
disclpses only exemplary embcKlimeWs ttiereof, it is to be understood that other 
s^riattdbs are cbritemptated ^ 

Accordingly, the present invention is not iinnited to the particular embodiments that 
have been described in deteil herein. fleUien r^erence shouid be made to the 
appended ctainos as indicative of the scope and content of ^e iinvention, 

101 64J Further lilustratfons of the invention are described in "Expression of 
GnTlll in a recombinant anti-CD20 CHO production ceil line: Expression of 
antibodies with altered glycoforms leads to an increase in ADCC through higher 
afflnitytbr FC gamma Rill," Dayies J, Jiang L, Pan LZ. iJaBarre MJ, Anderson p, 
Reff 1^.; BiotBchnoimeng, 2001 August 2D; 74(4);288-94, the contents of which 
are incorporated herein by reference in their entirety. 
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GO THE CluMMS DEFINlNS THE IMVENHON jiWlE AS FdLLOWS:- 
O 

1 ; A production eukaryotic ceJI line that expresses GnTllI and a recombinant 

^ antibody, vrtiereiifi said 6r>till is j^refitufivefy eecpressed and the 

^ 5 producKon cell produces tiie ^nfiiiody at a feyej of at le^st >30 

^ R3/celVcJay, 

0> marnmalian. 

g 

^ 3. Aproduclion eukaiyoticcell linaa6Gbrdin3 to claim i?, which is a GHO cell 

~ Brie. 



8 



4. A pFOduetibn euk^ryotlo cell line according t6 claim 3, wherein ttie 
antibody Is a human, chiriiwib or humanised ari&CQZO anSbbdyi 

5. A production eukaiyotic cell line acpprdlng to daim 4, lvhi$r|jn satd 
antibody Is of the IgGI pr lgGS Isoftfpei 

A producflon ^uka(yoHoee|l llne aceording to cfahn viiiherein $ald 
antibody is rlfaijdmab. 

t. A produption eukaiybtic eel! Ifhe according to daim 1, wherein said 
lanibody reacts with a turtlbr assoddfed antigfeh&electiBd m>th the graup 
OQnsisQng of CD2, GD3, CD5^ COS. GD7. MAGE-1. Mifi^mtMUC-U 
HPV 16. HPy EB/HPVE7/TAG-72.,GEAi L6^ig^ 
CD22i C037. CD52, HLAtDR ESF receptor and HEte Receptor. 

8. A production eukaryotlo cell lih!B according td bjalni 7* wherein j^id tumpr 
associated aritlgeh Is TA@-72. 

9. A production euk^iyDtlc ceil fine according to claim 1 . whra^n said 
antibody reacts with an autoantigen. 

10. An antbody prtJduGed by la productfon ce|l line acGoiding to any one of 
datms 1 to 7. 
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11. An anfiiep20%^tlb6dy produeed l^^ prodiroUpn cell Jine^ccording to 
any bri© of claims 1 to fi; 

12. Anahffiiody aEbewdfhg to j?^^^ 
atleastapoitibnpfoneqpn^tant^^ 

13; An 6rtfibci0y aiccaid(ng b one of claitfls 10 to 12» Wherein sa*J 
aiittoody comprises;adQroafn a Cj,? dciniaia 

14. An antibody according to any one of claims 10 to 13, wherein said 
antibocjy te assoraated vwtb a oytotoxTc agent 

15. An antlbotjy acoDrdi^ to daiih 14^ Marein said <3rtbtoxic#ent 
compif^s a wdlalsbtope seJetitecffroni thegitHipcohsfstlng of^Y, '^1. 
*'r, 1*^1. «'ln, *»Rh. ''^ra^ ^p, .''^^ 

18. An snBbocly pnjducfed a produpflot) cell line aocprdlng to arypne pf 
cfabs 1 to 9, use as S therapeufiq stgOTt 

17. /^ antWID20 antibody producBd by aprw!Rie«iqin ciell iitiP apcpfding to 
iany one Pf dairiis I to 7, for use a therapeutic agent. 

18. A method of trrating a dlsprder In a mammal in need merebf cbrifiprislng 
admlhlston'ng a tfiprapeufiftsliy dffecOs/e amt>Urit of an antibody toa 
mammal produced by a produefion c^l line according to any one of 
claims I to 9. 

19. Airnethod of treating a disorder in a mammal In need thereof tampristng 
adnifoFstering a therapeutcally effective amount of an ant"h-CD20 antibody 
prtJtfiKjed by a productlbn opil line according to pny pne qf claims 1 to 7, 

20. A method according to clalrti 1i9, wherein the dlMrder ls # B cell- 
lymphoma. malignancy, leukemia or neoplastic disorder, 

21. A melhOid at^ordihg to daim 20, wherein Ibe disorder is non-Hodgkin's 
lyirtphMina or chlPbrilG lymphoc^c leukemia. 
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O 22. A method accordft^ to claim 20, wherein said neoplastic disorder is 

selected from the group consisting of: relapsed Hodgkin's disease, 

^ resistant Hodgkin's disease W^^ low grade and intermediate grade 

5 non^liocfeklnVlym^^ leukemia (B-GLL), 

^ tymhopl^maersioid lymphoma (LPL), rt^^ 

foHijcMar lymphoma (Fg. difiruse large cell ^phorae (DLGL); Budciffs 
lymphoma (BL); AIDS^felated ^/mphomas, ntonoQrtks B cell lymphoma, 
9ngfQjrnrnMn6blasticlymphO(ad6nb 

^ 10 diffusie large c6il- diffuse small cleaved cell; large cell immunobiastic 

Si-niphoblastowajSmsaiinon-deaVedsBi^^ 
ptecRwifihantiy 

^ ibiliailiair, hiixed small/diin«d ari^ 

15 ^iArhethbdaccorejli^te^pneofcIa^^ 

therapeutic a^etit^c^ and a diemotherapeutlc agent 

as a Gorhhlhad pi«paraflpn fo^ ^ij|Uuieaus. sepa^te praequimtial us 
in the treatment^ the cT^rd 

2b 24; A method i?ca?bnding to dalm 23; vi4iereln this i:iiemotte^ 
comprises rituximab. 

25. A method acccwding to claim 18 or claim 19, wheiiein the disorder is art 
Immune dfsorderi 

25 

26. Amathod aocbrding to<ilalm2|5. wherein^t^^ an.autormniuna 
disease, triinsplantafldn or gifaft-vMicist d^^^ 

27. A niethod acccwdiriig to daim 25, w^herefn the disorder is a B ceil mediated 
3Q autolMhiune diseaee salaet^id from the group consisting of ITP and lupus. 



28i A methpdl according to aiq^ one of dTaims I d to 27, wherab said ahtifaoc^ 
IsarnpdifiBdariflijpdy. 

29. A mettiod acoordlfng to any one of claims 18 to: 28. wharein sa 
comprise? an antitupdy accordiixg to any ona of dialins 10 to 15." 
73 



COMS ID No: ARGS-1M2P5 Recraved by lP/ttisbafe: TiTO^ 14:04 Dale (Y-Mrd) 20b8rQ7-Z2 



30i A ptemiaoeuaGa! pomposition com 
prje of ^aims 10 lo 15. 

31, i\ felt use*^ fer^fh^iraati^ suffering from or predisjaosecl 

aecpnlinff tojaiiyvcmeof ID to IS dqposltisia fhemin and a lab^l or 
anln^lntflcaUhii thats^^ 

32. Amethbd fdrfbrming antibodies. s^W method comprising the steps oft 
cultuiing prbdue^bn isnjIi^mnQ host DMA 

^equ^iic«^ encoding Gntlll and a reppmfciinatit anfibody and thie 
prbductibn ceJI Rhe pradueleis the anflbbdy at a IfBvei of at le^ >30 
pg/Cefl/day; 

allowing the hostcell to express GnTlll arjd the re<»wbirwnt 
antlbisdjri Wbetelh s^y GnT^^ feppnsliftjtlyely expiBssed; and! 
re<wvering ceil cuftuw. 

33. A memod aecoreling^^t^^ wH^ln sattd antlbocl^ comprises an 
anflbo#apcordlr® to aijy one of *a^s IQ to 15. 

34, A meftiod according to daim 32 or tifi^m 33. wherein ^#rd h(»t ceils 
iConiiprtseeHO cells. 

3& A rifietltod accordlnsi to ^ny one p£elainis 32 t</iSMi v^i^tijt^^ 
aritibodies are pirbduced In batch fed coll cultures. 

36. Antibodies, wh^ fpftned by a method according to finy one pf claims 32 

torn. 

30 

37: Aproductipn euk^uyotlc ceil line tMexpresses QnTlll^nd a tocomblnant 
ahtibbdy, s^d cell nne substantially jas herein descrtbed with reference to 
any on^ of the embodlmenfe of ttie Invention illuslfated in the 
accompanying drawings and/or examples; an antibody jiroduced by a 
35 prpducHpn cell line, said antibody substarittalljr as herein described with 

reference to any pnS pftte)elinbbdlments of the Invention illustrated In the 
acGompmyihg drawings andA>r exariiptes; an iahti^20 antibody 
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prpducedby ia produGBew ceinfne.fsalcl anHbpdy substahfialfy as herein 
described with reference to any one of the embodiments of the Invention 
illustrated in the accompanying drawings and/or examples; an antibody 
produced a prt«lucttoii £S^^ for useas a therajp6ulioa®ent, sdid 
^b6(jy Substaptfa!^ nsference to any one of 

tliefembodimerfe of*e fiwentlon^^^l^^^^^ 
drawings and/or wcsropls^ aofl,eD26 
prodMctipn cell line for BB»»^^ 

as herein descn'faed with refepent» to any orie of the ehibbjiimente of fee 
Invention illustrated in the accompanying drawlrtgp and/or 8:|cample^, a 
ni#ipd of Ireating a dfebisfer In a mamma!i,«aid rti^d subs^niie% as 
liemrn dBserthed ««ltH^^i^ arm crflte OTifcotfinefiis of tbe 

thvenflpo Hlustiate^f to the ais^ 

pharmaeeyfrcal (somposltidn. said composStion substantiallyaa herein 
described with reference to any one bf the embodiments of the iny$h«pn 
lllostraled in the accompanying drawings and/or examples: a kit 
subsiantiaHy ite h^^ >vjth reference to any one of the 

embodiments of this mveoBbrifllustfaM 'n the dravwngs 
and/br exiarhples; a metttod for fcafrnlhg ani|t)pd|es, saWmetttod 
substantially as herelh d^cribed wHh, referaMice ta any one <tf^^tt^ 
embodiments of the invengOT illustrated In the accompanying drav^Sngs 
ahd/ore>camples; or antibodies, when formed by a method substantially 
as henfelh described with reference to any bne of the ernbodfrrjiente bf the 
ihvehfipn lllusffsitMl in the acicbmpahSSng drawrtngsahd/oi- erariipies. 



Dated this 22"'' day of July 2008 
ShelstonlP 

Attorneys fop Biogen Idee Inc. 
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Figure 2; Expression of GnTIII mRNA 
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